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SUMMARY 


The Phase I engineering studies 
of the Northumberland Strait 
Crossing cover all field and office 
investigations required for the pre- 
paration of preliminary designs and 
cost estimates for all alternative 
types of crossing which, on the basis 
of these studies, appear to be eco- 
nomical and practicable. The types 
of crossing which were considered 
in detail, either individually or in 
combination, are: 


(a) — Rockfill Causeway 

(b) — Bridge 

(c) — Prefabricated Tunnel 
(d) — Tunnel Driven in Rock 


During the early stages of the 
investigation, it became evident that 
a crossing having the minimum ef- 
fect on existing conditions in the 
Strait would be desirable, provided 
that it could be designed to with- 
stand the effects of extreme storms 
and the ice action in the Strait, and 
remain competitive with a complete 
rockfill causeway similar to the 
type which was built across the 
Canso Strait. 


Up-to-date estimates showed that 
the cost of remedial works that 
would be required due to changes 
in tidal regime and increased storm 
surges following construction of 
the complete rockfill causeway, 
would total approximately $23 mil- 


lion. In addition, division of the 
Strait into two bays could have ad- 
verse effects on fisheries. If a clear 
flow area, equal to about 35 per 
cent of that originally available, 
were provided by openings in the 
crossing, the crossing would have 
virtually no effect on tides and 
storm surges. 


The bridge proposal presented in 
the report appears to be an eco- 
nomical means of providing the de- 
sirable flow area. A design of pre- 
fabricated pier has been evolved 
which can be rendered stable 
against wave action and heavy ice 
thrusts, and which eliminates the 
cost and hazard associated with in 
situ construction of piers in the 
Strait. The proposed bridge pier is 
similar to the recently constructed 
prefabricated foundation for the 
Prince Shoal lighthouse. Sufficient 
clearance is provided under the 
bridge for the passage of lobster 
boats and small craft. 


If provision for uninterrupted 
flow of all marine and vehicular 
traffic is required, this can be most 
economically accomplished by plac- 
ing a short section of prefabricated 
tunnel in the Strait on the Prince 
Edward Island side of the crossing. 
A depth of 32 feet at low water 
would be provided in a navigation 
channel over the tunnel. 


Digitized by the Internet Archive 
in 2023 with funding trom 
University of Toronto 


https://archive.org/details/31/76111/7094243 


Offering a substantial saving in 
cost, but not providing for the un- 
interrupted flow of all traffic, is 
a navigation lock. Vehicular traffic 
would cross the lock via an opening 
bridge. Preliminary studies indicate 
that the volume of shipping through 
the Strait is at present light, and 
that opening of the span will not 
interrupt vehicular traffic more 
than twice a day. The navigation 
lock would provide the same general 
clearance as that employed in the 
St. Lawrence Seaway. 


As a further alternative to a 
rockfill causeway, bridge and pre- 
fabricated tunnel crossings, a pre- 
liminary study was made of a tun- 
nel driven in rock under the Strait. 
This tunnel, approximately eight 
miles long, poses problems in ventil- 
ation that would limit its capacity 
to handle peak volumes of road 
traffic. The estimated cost of the 
ventilating machinery is of the or- 
der of $20 million. The high cost of 
constructing and later ventilating 
and maintaining the long tunnel 
crossing makes this alternative un- 
attractive. 


Vehicular Traffic 
Requirement 


A — Highway and Rail 
Highway only 


Preliminary studies of road traf- 
fic to the Island have indicated that 
serious consideration should be 
given to providing facilities that 
would economically allow, by initial 
provision or later conversion, four 
lanes of vehicular traffic to pass 
over the crossing possibly within 25 
years after its construction. The 
provision of these facilities is ex- 
amined for all types of crossing 
studied. 


Cost estimates of the various 
crossings studied are given in Table 
4 on Page 45. This table shows that 
the minimum overall expenditures 
are associated with Schemes 2 and 
3, both of which incorporate a sec- 
tion of bridge carried on prefabri- 
cated piers. Scheme 2 provides a pre- 
fabricated tunnel section under a 
navigation channel to allow the un- 
interrupted flow of all traffic; 
Scheme 3 a navigation lock and 
opening bridge. The following sum- 
mary table gives the estimated costs 
of Schemes 2 and 3, with provision 
for various vehicular traffic re- 
quirements. 

Scheme 2 Scheme 3 
Crossing with Crossing with 
Prefabricated Navigation Lock 

Tunnel Section & Opening Bridge 


$146 million $119 million 


B —Two-lane 98 87 
C — Four-lane 109 99 
D—Two-lane (28-ft pavement) — 84 
E — Two lanes convertible to four lanes — 88 

Cost of conversion — 17 
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The table indicates that — 
(a) Provision of a prefabricated 


(b 


) 


(c) 


(d 


— 


tunnel section in the crossing to 
ensure the uninterrupted flow 
of traffic entails an additional 
expenditure of at least $10 mil- 
lion. 


Provision of rail facilities in 
addition to a two-lane highway 
crossing involves the additional 


expenditure of at least $27 mil- 


lion. Comparison of the cost of 
a crossing for highway and rail- 
way with that for a four-lane 
highway, indicates a difference 
of at least $20 million. 


The minimum cost of a crossing 
with two-lane highway only is 
$84 million. 


The cost of providing in (c) the 
additional width of causeway 
and the pier caps required for 
later converting the two-lane 
highway to four lanes is $4 mil- 
lion; the future cost to provide 
four lanes for traffic on this 
crossing would be $17 million. 


It is recommended that Phase II 
engineering studies should further 
develop the design of a crossing hav- 


ing the minimum effect on existing 
conditions in the Strait, and with 
facilities for passage of all foresee- 


able traffic. To this end, the follow- 
ing specific studies are required: 


(i) The further development of a 
bridge section of crossing on 
prefabricated piers. | 


(ii) The further design of rockfill 
sections of crossing common to 
all schemes, and continued in- 
vestigation into the sources of 
construction materials. 


(iii) The observations and measure- 
ment of ice action in the Strait, 
and the study of future ice be- 
haviour in the vicinity of the 
crossing through tests on hy- 
draulic models. 


(iv) The extension of preliminary 
studies on vehicular and marine 
traffic to the degree required 
to determine with confidence 
the facilities that should be pro- 
vided for road, rail and marine 
traffic. 


It is also recommended that geo- 
logical investigations be continued 
in the area of the navigation lock. 
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mean July daily maximum tempera- 
ture is about 75 degrees F. The pre- 
vailing wind direction in the winter 
is westerly. 


Ice conditions in the Strait during 
the winter vary widely from year to 
year depending upon climatic con- 
ditions. Normally a completely clos- 
ed ice cover does not form in the 
Strait as the centre ice is constantly 


in motion. During the months of . 


February and March, the Strait be- 
tween Borden and Cape Tormentine 
is often covered entirely by landfast 
and drifting ice. Ice rafts move up 
and down the Strait under the ac- 
tion of wind and tides. The ice is by 
no means entirely of local origin, 
much of it drifting southward from 
ice sheets formed along the shores 
of the Gulf of St. Lawrence. 


The New Brunswick and Nova 
Scotia coastlines of the Strait are 
irregular and generally fairly low 
lying, the cliffs and rock outcrops 
seldom attaining a height of more 
than 25 feet. The rocks of the area 
are mainly carboniferous  sand- 
stones and shales, the overlying soil 
being, in general, thin. Population 


along the coastline is mainly centred 
in and around small fishing villages 
and a few towns. The economy of 
the area is based mainly on agricul- 
ture and fishing. 


On the Prince Edward Island side 
of the Strait the coastline is indent- 
ed by three major bays, Egmont, 
Bedeque and Hillsborough. Here 
again, the land is comparatively low 
lying. The coastal area is generally 
fertile agricultural land which is ex- 
tensively farmed. Another basic in- 
dustry is fishing, while tourism has, 
in recent years, been playing an in- 
creasingly important role in the is- 
land’s economy. 


History and Present Status of 
Transportation Facilities 


From the time of the early settlers 
until the year 1882, transportation 
to the Island was maintained by sail- 
ing vessels calling at various ports. 
In 1832, the first regularly schedul- 
ed steamer service was begun be- 
tween Pictou, Nova Scotia, and 
Charlottetown, Prince Edward Is- 
land. 
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In 1852, a similar service was 
initiated between points in Prince 
Edward Island, New Brunswick, 
and Nova Scotia. The vessels at- 
tempted to contend with winter ice 
but with little or no success, until 
the advent of the big ice-breaking 
ear ferries in 1917 when the S.S. 
“Prince Edward Island” inaugurat- 
ed the Cape Tormentine - Port Bor- 
den C.N.R. service. 


Winter transportation to and 
from the mainland prior to 1915 had 
been almost entirely by way of ice 
boats. These were specially built 
boats which were rowed through the 
open water sections then towed by 
the crew and passengers on reach- 
ing solid ice. 


The service inaugurated by the 
S.S. “Prince Edward Island” was 
supplemented in 1931 by the M.V. 
“Charlottetown”. The “Charlotte- 
town” continued in service until 1941 
and the M.V. “Abegweit” was put 
in operation in 1948. 


In 1962, the M.V. “Confederation” 
was added to the service but it was 


not constructed for operation dur- 
ing the ice season. In 1963, it was 
announced that a new and larger 
icebreaker was being ordered, and 
it was hoped to have her in service 
in two to three years. With all three 
of the present vessels working to 
capacity, and supplemented by the 
S.S. “Scotia II” which carries rail 
cars only, there are many periods 
during the summer tourist season 
when motorists are forced to wait 
many hours for a crossing. A survey 
made of traffic in the period be- 
tween May 1 and September 15, 
1959, for example, showed that 
many vehicles missed one crossing 
and some vehicles missed two cross- 
ings of the ferry due to overload- 
ing of the service. In 1963 more than 
214,000 vehicles were carried on the 
Port Borden to Cape Tormentine 
service. 


By the time the new ferry is in 
service, the S.S. “Prince Edward Is- 
land” will be ready for retirement 
and, with traffic volumes increasing 
at a rate of over 7 per cent annually, 
it would appear that the overload- 
ing during the summer months will 
become increasingly acute. 
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In addition to the C.N.R. operated 
Borden-Tormentine rail and car 
service, a car-ferry service operates 
during the open navigation season 
between Wood Island, Prince Ed- 
ward Island, and Caribou, Nova 
Scotia. This service carried approxi- 
mately 70,000 vehicles during 1963 
and, as at Borden-Tormentine, there 
were often long waiting periods for 
motorists during busy periods. Both 
of these ferry services are sub- 
sidized. 


History of Investigation 

Over seventy years ago, a per- 
manent link to the island from the 
mainland was considered. A British 
consulting engineer, Sir Douglas 
Fox, was retained in 1891 to investi- 
gate the feasibility of an under- 
ground railway tunnel. He advised 
that such a crossing was feasible if 
constructed between Money Point in 
New Brunswick and Carleton Point, 
Prince Edward Island, close to the 
present ferry route between Borden 
and Cape Tormentine. He estimated 
that a brick-lined tunnel with a cir- 
cular section 18 feet in diameter 


would cost approximately $12 mil- 
lion and take about six years to con- 
struct. 


In 1955, the Canso Causeway, be- 
tween Cape Breton Island and main- 
land Nova Scotia, was successfully 
completed and the possibility of a 
similar structure to connect Prince 
Edward Island with the mainland 


-began to receive active considera- 


tion. 


In 1956, the Provincial Govern- 
ment of Prince Edward Island ap- 
proached the Federal Government 
with a proposal to investigate the 
feasibility of a crossing and, in that 
year, the Department of Public 
Works made some preliminary field 
investigations of construction ma- 
terials in the area. It became ap- 
parent that a far more detailed in- 


vestigation was required to assess 


the feasibility and cost of a crossing, 
and this was undertaken by the De- 
partment and several government 
agencies with the assistance of con- 
sulting engineers. The conclusions 
confirmed that a permanent cross- 
ing is feasible. 
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In 1962, a group of consulting en- 
gineers, Northumberland Consul- 
tants Limited, was retained to carry 
out a comprehensive study of the 
proposed crossing, including a de- 
tailed review and correlation of all 
previous investigations. 


Terms of Reference and 
Scope of Work 

In the agreement between the De- 
partment of Public Works and 
Northumberland Consultants Limit- 
ed, the work of the consultants is 
divided into four distinct phases, de- 
signated Phases I to IV, to be car- 
ried out in sequence but with the 
provision that the work can be ter- 
minated upon the completion of any 
phase. As each phase is completed, 
the consultant is required to prepare 
and submit a comprehensive report 
incorporating recommendations for 
work to be undertaken in the suc- 
ceeding phase. 


Phases I and II cover studies and 
preliminary engineering to culmi- 
nate, at the end of Phase II, in a 
definite selection of the type and 
principal features of the crossing. 
Phase III comprises the preparation 
of detailed designs, specifications 
and drawings for construction, and 
the final phase the complete super- 
vision and inspection during con- 
struction. 

The detailed terms of reference 
for Phase I, summarized in this re- 
port, are essentially as follows: 


1. Execution of all preliminary 
studies, surveys and investiga- 


tions necessary for the prepara- 
tion of a comprehensive report 
of all economically feasible pos- 
sibilities for the project. 


2. A review of all existing reports 
and data concerning the project. 


3. Performance of all sounding 
and boring surveys at the pro- 
posed site of the project neces- 
sary for the execution of the 
Phase I studies. 


4. The submission of preliminary 
designs and cost estimates for 
all the alternative types of 
crossings which, on the basis of 
the Phase I studies, appeared to 
be practical and economically 
feasible. 


In order to carry out this work, it 
has been necessary to investigate 
the many factors which influence 
the economics of constructing the 
crossing. The studies have included 
the investigation of the geological 
structure underlying the Strait, ice 
formation and tidal action in the 
Strait, topographic surveys of the 
land approaches, investigations of 
the feasibility and approximate 
costs of construction materials, and 
an appraisal of present road, rail, 
and marine traffic and the probable 
future trends in such traffic. The 
work has also included an analysis 
of the effects of changes in the tidal 
regime due to the influence of a bar- 
rier or a restriction in the Strait on 
existing highways, harbour facili- 
ties, coastal lands, and communities 
along both shorelines. 


>: es 
. a by bariskliiy siento 9 Yo. 
tog wldigna Artin scxcviedey 
" Seah ah) wl) 
aProu 4, Githdintaly ite ty W wig 
sostorg of) Qatargas wh Bey 
aathrine [le ty Wane 
“7H att) US Svawy pte gerbil 


zoe. Josioiy of) ty ote tg 
“itt Te Fires of) 


od b &, Se i 
i saia rier i} 
4s 
4 a hia {7} ' 
ig HIV, SV% (ort 
y! * 
raided wilt ae HAaniw 
MK A HT . Dirt i om 
ries iu j ra Tab 
1: 
ud f + 4 P ss 
‘ a - ; TEs, 4 
ihe. &s fi Dy ¢ re nota 
ocsuthyl Hotdw eidanis 43? oe tse a 
man ation tards. W if ¥ “aslo 
{ ' 


ighiory ett ho andes 


Fy) ati Cy cba } i Aan 87 ed i A ter tray fyil a “tae 
Dr I ao tid . # art tee Ad 
wale *, ? iv 


OVI The i eee 


fr SNOW LSA ny) pn te P ; 
Tier; ori ' ft) Pity iti aye ‘ 
Diete sl Pred Arty ier LOGS high 
tt ee ie ae Lis Longg 
mecth ae: ee nei 

tT elt adie Ta. asi 
FV cite as tet Poget lH, ae 


inbt? sia! id og pth en Di one e 
tehee 


Hing: Stree Sf 40. 
ig Te ns eB iy ce 
ore tetaianply ult 9 meal 
viniagortisoya dlirgl 


ite sae 
fat a a: pooh 


CO AT vii “udind 1 oa7 ‘yd a 


ha T1998 orf) a pe Bobas 
‘lige +eod vad ncn 
“eras han Ps pe! > 


DESIGN CONSIDERATIONS 


A crossing of the Northumber- 
land Strait will affect tidal levels 
and currents throughout the Strait, 
and the magnitude of storm surge 
that may be experienced after its 
construction. A rockfill causeway, 
completely closing the Strait, will re- 
quire the execution of extensive re- 
medial measures and might also af- 
fect fish stock., The exposed location 
of the crossing makes it susceptible 
to attack by waves during the open 
water season, and by ice action in 
winter. All these factors were con- 
sidered in the course of preparing 
alternative designs. Present and 
future volumes of road and rail traf- 
fic to the Island and the size and 
number of ships using the Strait 
were other design considerations. 


Hydraulic Aspects 

Tidal Levels and Currents — The 
variation of tidal levels along our 
coasts is caused by ocean tidal waves 
which rise and fall in response to 
astronomical tide-raising forces. 
The tidal wave that originates in the 
Atlantic enters the Gulf of St. Law- 
rence through the Cabot Strait and, 
near the Gaspe coast, branches 
northwards to the St. Lawrence 


River and southwards towards 
Prince Edward Island. Its path from 
Cabot Strait to the eastern end of 
the Northumberland Strait is great- 
er than that to the western end, and 
consequently the wave arrives five 
hours later at the eastern end. The 
time difference between waves ent- 
ering opposite ends of the Strait re- 
sults in (a) maximum tidal range 
being experienced at Canoe Cove 
where the opposing waves meet, 
and (b) substantially zero tide level 
fluctuations being experienced in 
the Strait at an amphidromic point 
located in the narrows near West 
Point, Prince Edward Island. 


Construction of a crossing at the 
narrows between Cape Tormentine 
and Borden in Northumberland 
Strait will, if it obstructs tidal cur- 
rents through the Strait, affect tidal 
levels throughout its length. In- 
crease in high tide level would cause 
flooding in certain areas, whilst de- 
crease in low tide level in some har- 
bours would entail additional dredg- 
ing. Changes in tidal currents would 
also affect the rate of coastal ero- 
sion and the movement of drifting 
ice. 
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The greatest change in tidal con- 
ditions will occur with the construc- 
tion of a rockfill crossing completely 
blocking the narrows. Provision of 
bridge or tunnel sections will pro- 
vide openings for tidal flows and 
thus reduce the crossing’s effect on 
tidal conditions. Table I, below, gives 
tidal ranges to the east and west of a 


crossing, and the maximum currents 
at the crossing that arise during a 
fairly extreme spring tide before 
and after construction. Where open- 
ings have been left in the crossing, 
their extent is represented in Table 
I as a percentage of the original 
cross sectional area of the Tormen- 
tine-Borden narrows. 


TABLE I 


Tidal Ranges and Maximum Currents 


at Site of Crossing 


East Side 


Change in Tidal 
Tidal Range Range 


(feet) (feet) 
Existing 
Conditions 0 1.5 
Complete 
Closure ee 13:0 
10% Opening +2.9 10.4 
25% Opening +0.9 8.4 
35% Opening +0,1 7.6 


Table I shows that complete 
closure of the narrows by a rock- 
fill crossing increases the tidal 
range on the east side of the cross- 
ing by 5.5 feet, and on the west 
side by 2.5 feet. Bridge or tunnel 
sections in the crossing, providing 
openings totalling 35 per cent of 
the cross section area of the nar- 
rows, reduces the changes in the 
tidal range to less than 0.8 feet. The 
maximum current through the open- 
ings will be 5.9 knots during extreme 


Current 
West Side Maximum 
Change in Tidal Through 
Tidal Range Range Opening 
(feet) (feet) (knots) 
0 To 23 
eZ 10.0 — 
—2.0 aya) jee 
—1.8 5.7 este 
—0.8 6.3 5.9 


spring tide and less than 4 knots 
during an average tide. 


As the calculated tidal levels and 
maximum currents at the narrows 
do not give in detail a picture of 
changes in tidal levels and currents 
after construction of a crossing, a 
model is being constructed at Cold- 
brook, Saint John, New Brunswick, 
to examine the tidal regime at har- 
bours and other key points along 
the Strait and to verify the tidal 
calculations. 
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Storm Surges — Storm surges 
are large fluctuations in sea level 
generated by gale force winds and 
associated changes in barometric 
pressure. The storm surge in the 
North Sea and English Channel in 
1953 had a height of 10 feet and, 
in Britain, flooded 160,000 acres of 
land with subsequent cost of repairs 
amounting to $21 million. Other 
areas in Belgium, Holland and Ger- 
many were affected to a similar 
extent. The orientation of Cabot 
Strait and the Strait of Belle Isle 
is not so conducive to the gener- 
ation of storm surges as that of the 
North Sea and English Channel. 
An examination of 50 years of tide 
gauge records at Charlottetown in- 
dicated that the maximum storm 
surge experienced was 4.3 feet. 
Since this surge occurred with a low 
state of tide it did not result in an 
exceptionally high water level. 


Division of the Strait into two 
large bays by construction of a rock- 
fill crossing without openings will, 
by entrapping the surge flow, in- 
crease the height of storm surges 
in either half. To evaluate the pos- 
sible increase in storm surge height, 
an examination was made of hy- 
draulic and hydrometeorological 
conditions during the storm of 


January 20/21, 1961. This storm 
gave rise to the highest recorded 
water level in Charlottetown which 
was 7.6 feet CGD. The study indic- 
ated that should a similar storm 
occur after construction of 4 rock- 
fill crossing without openings the 
maximum still water levels at 
Summerside and on the west side 
of the causeway will be raised 3.8 
feet above the highest levels yet 
experienced. If a similar storm were 
to occur further east, as did that of 
January 11, 1952, water levels on 
the east side of the causeway would 
rise 3.6 feet higher than the maxi- 
mum water level which has been 
recorded at Borden. At Charlotte- 
town, the increase over the highest 
recorded level will be 2.3 feet. 


Provision of an opening in a cross- 
ing, equal to or greater than 35 
per cent of the original cross sec- 
tion of the Tormentine/Borden nar- 
rows, will essentially eliminate any 
increase in maximum water level 
due to storm surges. 


Wind Set-up — The force of the 
wind blowing over the water sur- 
face moves surface layers towards 
the lee shore, thus raising the level 
at that location. This rise in water 
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level is called wind set-up. If the 
Strait is divided by a rockfill cross- 
ing into two large bays, each will 
be subject to wind set-up. The wes- 
tern half of the Strait would be 
affected by the north northwestern 
winds, while the eastern section 
would be affected by the east south- 
eastern winds. Analysis of wind 
data from the Summerside meteoro- 
logical station on Prince Edward 


Island for the period 1950-1962 was 
undertaken by the Department of 
Transport to obtain frequency dur- 
ation data on wind direction, speed 
and duration. The wind Set-up was 
calculated using procedures laid 
down by the U.S. Corps of Engi- 
neers in their Technical Report No. 
4, 1961. Results of these calculations 
are given in Table 2. 


TABLE 2 


Wind Set-up at Full Causeway — 
Period 1950 — 1962 


East-Southeast 


Wind Number of 
Velocity Storms 

mph Exceeding V 

30 20 

40 (3 

50 1 


The above table shows that had a 
complete rockfill crossing been con- 
structed prior to 1950, a maximum 
wind set-up of about 3.8 feet would 
have been experienced once on its 
east side. The table also shows that 
a wind set-up of about 2 feet- will 


West-Northwest 


Wind Number of Wind 
Set-up Storms Set-up 
(feet) Exceeding V (feet) 
13 172 0.9 
2.4 14 i ke 
3.8 — oy 


occur relatively frequently. These 
conditions could increase the fre- 
quency of flooding near the cause- 
way. As with storm surges, how- 
ever, the maximum set-up is not 
necessarily associated with high 
astronomical tide. 
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Wind-Generated Waves — In view 
of the exposed site of the Northum- 
berland Strait Crossing, a careful 
study of its protection against wind- 
generated waves is necessary. On 
the west, the crossing is unprotect- 
ed against west-northwest winds 
for a distance of 50 miles, and to 
the east against east-southeast 
winds for a distance of some 60 
miles. As there are no long-term re- 
eords of wave heights at the pro- 


posed site of the crossing, the wind 
speeds recorded at Summerside 
were used to determine wave heights 
at the crossing. Wave heights were 
calculated using the commonly ac- 
cepted formula of Bretschneider, 
Sverdrup and Munk, which relates 
the height and period of the charac- 
teristic or significant wave to wind 
speed and wave fetch. The results 
of these computations are shown 
on Table 3. 


TABLE 3 


Characteristic Wave Height during 


Storms at Full Causeway 
Period 1950 — 1962 


Storm East-Southeast West-Northwest 
Class Number of Characteristic Number of Characteristic 
V mph Storms Wave Height Storms Wave Height 
30-40 13 158 6.5 
40-50 6 14 9.2 
50-60 i the 10.9 


The height of the characteristic 
wave is the average of the highest 
third of the waves in a wave group 
or train, and corresponds approxi- 
mately with the height that is 
judged by eye. The frequency of oc- 


currence of waves higher than the 
characteristic wave is approximate- 
ly 12 per cent. The highest wave in 
a group can be 60 per cent higher 


than the characteristic wave. 
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Overtopping of Rockfill Crossing 
by Wind-Generated Waves — De- 
sion studies indicate it to be un- 
economic to completely prevent 
overtopping of a rockfill causeway 
by waves during a repetition of the 
most severe storms so far ex- 
perienced. In order to minimize 
damage to the road bed and to re- 
duce the frequency of delays to road 
traffic due to spray during storms, 
the crest elevation was established 
on the basis that no more than ten 
waves per year on the average 
should overtop the causeway. These 
extreme waves will have heights be- 
tween 17 and 20 feet. Studies of the 
waves that would have been gener- 
ated by storms recorded between 
1950 and 1962 indicated that a rock- 
fill causeway would have been closed 
for two to three hours near high 
water for each of the 21 most severe 
storms in that 12-year period be- 
cause of the risk of overtopping. 
To prevent overtopping an addi- 
tional 4 feet will be required on the 
recommended height of the rockfill 
sections. 


Armour Protection Against Wave 
Action — With the causeway’s ex- 
posed position, it may not-be eco- 
nomical to provide armour stone 
large enough to avoid some dis- 
placement by waves during the 


maximum storm of record. Studies 
based on the calculated wave heights 
given in Table 8 indicate that for 
optimum economy in construction 
and maintenance, the weight of ar- 
mour stone should be between 6 
and 9 tons. 


A wave-measuting station is now 
in operation at the site of the pro- 
posed Northumberland Strait Cross- 
ing. When sufficient data is obtain- 
ed from this, it will be possible to 
find by model studies the most suit- 
able wave protection to the slopes 
of rockfill sections and the shape 
of bridge piers to minimize spray 
on the roadway of a bridge cross- 
ing. 


Ice Action 

The severe ice conditions in the 
Northumberland Strait during the 
months of February, March, and 
early April considerably influence 
the design of the crossing. The re- 
port dated 1958 on sea ice conditions 
in the Northumberland Strait area, 
by Dr. C.N. Forward of the Geologi- 
cal Branch of the Department of 
Mines and Technical Surveys of 
Canada, indicates that the Strait is 
at present never covered by a closed 
ice sheet, as tidal currents and wind 
tend to keep the centre ice constant- 
ly in motion. 
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Near the shores, a continuous 
sheet of landfast ice begins to form 
in late December and grows sea- 
ward during January and February, 
attaining a width varying from a 
few yards on exposed headlands to 
several miles in shallow bays and 
harbours. 


In January, pack ice of local ori- 
gin begins to form offshore and 
attains a thickness of about three 
feet. The floes of pack ice vary 
greatly in size and, although many 
are only a few feet in diameter, 
others of 500 feet in diameter are 
quite common and occasionally floes 
of about three miles in diameter are 
encountered. These floes are kept in 
constant motion by the action of 
tides and winds. In late February 
and March, between 80 and 100 per 
cent of the area between the strips 
of landfast ice is covered by ice 
floes. Pools and leads appear fre- 
quently between the ice floes as wind 
and tide redistribute the pack. 


During late February and March, 
conditions are made worse by the 
appearance of relatively thick floes 
of winter ice which have been identi- 
fied as originating in the central 
part of the Gulf of St. Lawrence. 
The constant motion of the ice gives 
rise to considerable ridging, and the 
rafting of one floe on another great- 


ly increases the thickness of the ice 
pack. 


After completion of the crossing, 
it is expected that a strip of land- 
fast ice will form along the rock- 
fill section. This strip will minimize 
the incidence of freezing spray on 
the crossing and provide protection 
to the armour stone against the 
action of moving ice floes. The strip, 
however, will itself be exposed to 
heavy pressure due to the influence 
of strong winds and tides, so that 


ice may be piled up the slope of the 


causeway. Piling up of ice along the 
shores of the Northumberland 
Strait was observed by Mr. W. A. 
Black of the Geographic Branch, 
Department of Mines and Technical 
Surveys of Canada, and noted in 
his paper “Gulf of St. Lawrence Ice 
Survey, Winter 1961”. Measures to 
prevent this phenomenon interrupt- 
ing traffic will be studied. 


Ice loads against the piers of a 
bridge crossing can occur as fol- 
lows: 


(a) - By the impact of a drifting 
ice floe on collision with the 
pier. 


(b) - By the shifting, due to wind 
or current, of ice packed 
around a pier or series of 
piers. 
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(c) - By an ice jam blocking the 
openings between a number 
of piers, so that the hydro- 
static pressure due to tidal 
differences across the 
causeway is transferred on- 
to the piers. 


For the preliminary design studies 
undertaken under Phase I of the 
Northumberland Strait Crossing in- 
vestigation, the ice loads due to im- 
pact of ice floes and the shifting of 
packed ice were assumed to act nor- 
mal to the bridge pier surface, and 
to be equal to the crushing strength 
of ice multiplied by the width of the 
pier and the ice thickness. 


The crushing strength of ice 
varies greatly with its history and 
with temperature. For the prelimi- 
nary studies undertaken in Phase I, 
the crushing strength was assumed 
to average 400 psi. This value of 
crushing strength is in accordance 
with safe engineering practice. As 
an additional precaution, the pier 
faces were sloped in a manner that 
would tend to split the ice floes be- 
fore the full crushing strength was 
attained. 


The thickness of ice floes in the 
Strait has not been measured with 
precision. Dr. Forward, in his 1958 
report, indicates that ice periodical- 
ly grounds on the Jourimain Shoal 


in water approximately 12 feet deep, 
and Dr. Black observed, during the 
winter of 1961, that “in the ice-con- 
gested areas of Northumberland 
Strait, where tidal action was effec- 
tive as a builder of pressure ridges, 
the sea ice was over 20 feet thick”. 
These depths and thicknesses do not, 
however, represent the thickness of 
solid ice, but rather the accumulated 
depth of over-lapping layers inter- 
mixed with air pockets and crushed 
ice. For the purpose of calculating 
the ice thrust on bridge piers in the 
Strait, the thickness of ice floes was 
taken to be the equivalent of 15 feet. 
The value chosen is conservative and 
in excess of the thickness normally 


used in bridge pier design. 


The load transferred onto bridge 
piers by blockage of the bridge open- 
ing by an ice jam was, for design 
purposes, taken as a hydrostatic 
pressure of 10 feet acting on the en- 
tire area of the water passage be- 
tween piers. The hydrostatic pres- 
sure of 10 feet represents the maxi- 
mum difference between tidal levels 
on the east and west sides of the 
crossing on complete closure of the 
narrows. 


Measurements are being taken 
this winter of the thickness and 
strength of ice floes in the Strait, 
and of ice forces on the pier at Bor- 
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den. Model tests will be conducted 
to investigate the danger of ice jam- 
ming the openings between the 
bridge piers. 


Cost of Damages and 
Remedial Measures 

Construction of a rockfill cause- 
way dividing the Northumberland 
Strait into two bays will result in 
marked changes in the tidal regime 
and increased storm surges. These 
changes could cause damage along 
the shores if extensive remedial 
works were not previously under- 
taken. 


Estimates of the cost of the re- 
quired remedial works were made in 
1958 and 1959 by Federal and Pro- 
vincial Government Departments. A 
detailed study was carried out by 
the Geological Branch of the De- 
partment of Mines and Technical 
Surveys of Canada to estimate the 
cost of flood damage to shoreline 
properties. The Harbours and Riv- 
ers Engineering Branch of the De- 
partment of Public Works of 
Canada made a survey and estimat- 
ed the cost of increasing the height 
of docks and wharves in the area, 
and also estimated the increased 
costs for dredging. The Develop- 
ment Engineering Branch of the De- 


partment of Public Works of Canada 
made detailed estimates of the cost 
of raising highways and bridges in 
Nova Scotia and Prince Edward Is- 
land. The Department of Public 
Works (Highways Division) of New 
Brunswick made a similar study in 
that province. 


The present study has indicated 
that storm surges will give rise to 
water levels approximately one and 
one-half feet higher than those on 
which the previous estimates were 
based. Also, in the interim period, 
many roads which were gravel in 
1959 have been paved and the gen- 
eral value of lands and buildings 
has increased in some areas. 


As a detailed re-evaluation of re- 
medial costs would be very time- 


consuming and not economically jus- 


tified as part of the Phase I study, it 
was decided to review the previous 
detailed estimates and amend these 
to allow for the calculated increase 
in high water level and changes in 
costs, and to undertake a limited 
field inspection to ascertain in- 
creases in shoreline usage. 


The review and inspection were 
subdivided into an examination of - 


“ ver tp eh as 
aa ard “e ty neneags oad oh 
ik snap § abs 
ai pie aperh Wa ie <ehanl oad 
olitntt % set ct Set a 
mare he a ea ead 4 
5 eine bent Re Hash Pai A | 
grltrwvug 


> 
vote 
mse 


Se tier ie Britt.) 
Propet? to ROM be hevily Yaw 
mt pee Ute airs old ati brat tes 
suptltoay'y Fated nih An oe irate Cust vt 
geod f BAT SIE ty Tine fia Tool an ae 
cen geht cele y Bite wire ee 
ies AMR Th aaeicle earth 
plage hero t Jou peer elbiay: 
. ie hl 


botaoifat mod yowde fey, Ae 
vets vb iC achiral) ieee 
ork stead tee arab 4 
as papi? aan esi glat jae Tava 
ade: atte hae viftay POA nid if tf 
era Ath avhytt aiff net gn? viet, ty 
i¢ Teri Beal dadin ab ieee 
og S47 Lae ey at et, Ane ; . 

maT i). ta Ms sinadl i Aga ' Bis . 6 wild St DER ont. Poaothiod 
wang: aide te heii tt Ginett WE Pirty ve PESO aG Beste 

. | od at’) hae Teer yal Gbeh tine Koy 
h, sinemiaggoth taanewee fa louie 
nt Yao Gave ae aa Sibi PA 


aS a eat Pir By pltintnh ae. I 
wits % ti iad Dy 1; valid AAA) Wait va 


G “ik Oi Yo, Manewal fo ee: ti 
Tits at > yin hy “a or. a8 ° ’ 
lanl mowous Jor Bana ad am leohniedt: fie sont Se Sites 


i uebule Dobadt slay ip rm 
Sha roy “von | tit OF ow 
a2oi) Dakia fis aa iia, Pe 
rae i int hadiliy 0! ypilts ‘aaltoigl ™ ‘4 
dPesditaty Sides lode Wt Per ue 
~ patent heh ante it hee) f 


a: 16 nes eae al 


eihd OI bes hip ay 8) Y bar) a Ae at 
onditwreda: of sisctee | Bisel to S240" 
WA har sands ost sal sso. ag 
i wid Ap: sleuth Qatiewntan$l i 
te. — aati | ae Bee 
‘tae: ie Kas t ipde’) 


ea aan: 
WEIIOR EE bas es tig 
“$a het oo ae 


a o ; By he Pete 


7. 


(a)-Highways and_ associated (d) - Coastal properties and ad- 
structures. jacent buildings. 


(b) - Marine structures and har- 
The present estimated costs of re- 


bours. 
medial measures are tabulated be- 
(c) - Erosion protection in built- low, and show a total of approxi- 
up areas. mately $23.2 million: 
Prince Edward 
Mainland Island Totals 
Highways and Bridges $ 7,740,000 $$ 520,000 §$ 8,260,000 


Marine Structures and Dredging $ 8,480,000 $2,490,000  $ 5,920,000 


Erosion Protection — 
Built-up Areas $ 3,800,000 $1,730,000 $ 5,030,000 


Land Damages and Indemnity $ 290,000 $ 320,000 $ 610,000 
Building Damages andIndemnity  $ 2,260,000 $ 640,000 $ 2,900,000 


Erosion Protection — General $ 480,000 $ 50,000 $ 480,000 


$17,450,000 $5,750,000 $23,200,000 
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Fisheries 

The Department of Fisheries, in 
a letter of January 25, 1963, indicat- 
ed that if the Strait were divided 
into two bays by the construction of 
a complete rockfill causeway, the 
stocks of salmon, lobster and shell- 
fish (oysters and clams) might be 
adversely affected. The few salmon, 
relative to the total average run, 
that do move through the North- 
umberland Strait to spawning 
grounds in Nova Scotia and New 
Brunswick, will be stopped by a 
complete blockage. 


With division of the Strait into 
two bays, as would result with the 
adoption of a full causeway, warm- 
ing of the waters will undoubtedly 
occur. Since summer water tempera- 
tures at the present time vary from 
16 degrees C to 18 degrees C (60.8 
degrees F to 64.4 degrees I*), an in- 
crease of one or two degrees might 
bring the top temperature to a limit 
which is lethal for lobster. The De- 
partment of Fisheries’ letter states 
_ that any warming in the surface 


water would probably eliminate the 
normal practice of holding these lob- 
sters in pounds, traps or cars. 


Should silting of the shellfish beds 
in the Strait occur during or after 
construction of a full causeway, this 
will be to their detriment or perhaps 
result in their extinction. 


The Department of Fisheries’ pre- 
liminary studies indicate that most 
of the crossing’s adverse effects on 
fisheries would be eliminated by the 
adoption of a crossing incorporating 
a bridge section or other opening 
that allows a relatively free flow of 
water. 


Before any scheme for crossing 
is adopted, the complete pattern of 
currents in the Strait, and the cross- 
ing’s effect on the currents should 
be studied in the tidal model now at 
Saint John. The Department of Fish- 
eries will then be able to assess, with 
accuracy, what changes the propos- 
ed scheme of crossing might have on 
fishing stocks. 
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| NOTES 


CARIGOU- ILE WOOD 


1955 1960 


|, UNE AUGMENTATION DE 7% SERA MAINTENUE DE 1963 A 1970 


CELA EST 
D'AUGMENTATION ACTUEL 


| 2 


UNE AUGMENTATION DE 30% 


LEGEREMENT INFERIEUR AU REGIME 


SE PRODUIRA APRES 


LA CONSTRUCTION DU PASSAGE,A CAUSE DU TRAFIC PROvOQUE 


PASSAGE, DEUX ESTIMES 
1978, PUIS 


ANNUEL DE 3% 
CES DEUX 
TRAFIC PROBABLE, DE 
Est DERIVE 


LAQUELLE 


SAGE DU DETROIT DE NORTHUMBERLAND. 


VOLUME ,DE TRAFIC ANNUEL 
ANTICIPE JUSQU'EN 1995 


GOUVERNEMENT DU CANADA 
ee DES TRAVAUX PUBLICS 


HUMBERLANO CONSULTANTS LIMITED 


MARS 1964 PLANCHE 3 


3ET 4 POUR LA PERIODE QUI SUIT LA CONSTRUCTION 0U 

SONT INDIQUES 

3- ASSUME UNE AUGMENTATION CONTINUE DE 7*% vUSQU'EN 
UN ACCROISSEMENT ANNUEL DE 3%. 

4 - ASSUME UNE BAISSE IMMEDIATE JUSQU'A UN ACCROISSEMENT 


HYPOTHESES DONNENT UNE BANDE GRAPHIQUE OE 
U ACCROISSEMENT MOYEN 


1965 1970 1975, 


FERRY RECORDS 


1980 


1985 1990 


ESTIMATED FUTURE TRAFFIC 


STATISTIQUES DU FERRY-BOAT 


TRAFIC FUTUR PRESUME 


i962 


TOTAL ANNUAL TRAFFIC 


9 
TRAFIC ANNUEL TOTAL WOE 


1963 


214,000 


525,000 


725,000 


975,000 


A.D.T. (VEH /DAY 
M.V.T.A. (VEH./ SOUR) 


1,440 


1,990 


2,670 


TOTAL SUMMER TRAFFIC (JUNE 29 TO SEPT.2) 
TRAFIC ESTIVAL TOTAL(DU 29 JUIN AU 2 SEPT.) 


262,000 


362,000 


585,000 


OF ANNUAL 
% DU TRAFIC ANNUEL 


ALS.DT.(VEH/ DAY) 
MUTE. (VEH./ JOUR) 


B PEAK DAYS (VEH./ DAY) 
B JOURS DE POINTE (VEH./JOUR) 


RATIO PEAK DAYS /A.S.DT. 
RAPPORT JOURS OE POINTE /M.J.TE 


PROBABLE PEAK HOUR ON AVERAGE 
SUMMER DAY (VEH./ HOUR) 


HEURE)OE POINTE PROBABLE! OBNS/UNE 
JOURNEE D'ETE MOYENNE ( VEH./HEURE) 


PROBABLE PEAK HOUR ON & PEAK DAYS 
(VEH./ HOUR ) 

HEURE.OE POINTE PROBABLE DANS 8 
JOURNEES DE POINTE (VEH./ HEURE 


1995 2000 


NOTES 


L 


3AND 4. FOR THE PERIOD FOLLOWING CONSTRUCTION OF THE 


A 7% INCREASE WILL BE MAINTAINEO FROM 1963 TO 1970. 
THIS 1S SLIGHTLY LESS THAN THE CURRENT RATE 
OF INCREASE 


A 30% INCREASE WILL OCCUR IMMEDIATELY FOLLOWING 
CONSTRUCTION OF THE CROSSING OUE TO INDUCEO TRAFFIC 


CROSSING TWO ESTIMATES ARE SHOWN 

3- ASSUMES A CONTINUED 7% INCREASE UNTIL S75 AND 
THEN AN ANNUAL GROWTH OF 3%. 

4 = ASSUMES AN IMMEDIATE DROP TO AN ANNUAL 

GROWTH OF 3% 

THESE TWO ASSUMPTIONS SHOW A BAND OF PROBABLE 
TRAFFIC FROM WHICH A MEAN GROWTH HAS BEEN OERIVED 


NORTHUMBERLAND STRAIT CROSSING 


ANTICIPATED 
ANNUAL TRAFFIC VOLUME 
To 1995 


GOVERNMENT OF CANADA 
DEPARTMENT OF PUBLIC WORKS 


NORTHUMBERLAND CONSULTANTS —_LIMITEC 


MARCH 1964 
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Traffic 

Road Traffic — On the basis of 
the existing vehicle volume records 
at both Prince Edward Island ferry 
crossings and the Canso Causeway 
in Nova Scotia, it is reasonable to 
conclude that a two-lane crossing of 
Northumberland Strait will be load- 
ed beyond design capacity possibly 
even within 25 years after its com- 
pletion. This conclusion is based on 
an average growth rate in traffic 
volumes of 7 per cent per annum 
since 1955; an increase in traffic 
volume of approximately 30 per cent 
in the year immediately following 
construction of the crossing; and an 
annual increase of approximately 3 
per cent per annum thereafter. The 
relation of these varying rates of 
growth to anticipated traffic vol- 
umes in future years in shown on 
Plate 8. In addition to this antici- 
pated growth pattern, there are 
other factors which will have an ef- 


fect on the future traffic loadings 
for the crossing, such as: 


(a) The economic growth of Prince 
Edward Island following con- 
struction of the crossing. 


(b) The general increase in tourism 
as a major form of recreation 
in North America. 


(c) The overcrowding of recrea- 
tional facilities in the Atlantic 
seaboard area of the United 
States. 


(d) The possibility of moving 
freight to and from Prince Ed- 
ward Island by truck transport 
instead of rail. The present an- 
nual rail freight movement is 
approximately 1,000,000 tons. 
The movement of this freight 
by truck transport will increase 
the crossing traffic by a mini- 
mum of 50,000 vehicles per an- 
num. 
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traffic lane to an obstruction, and 
the per cent of commercial vehicles 
in the stream of traffic. The effect 
of these factors on capacity is shown 
in the following table: 


The traffic capacity of a two-lane 
or four-lane road with 12-foot traf- 
fic Janes on the crossing will be af- 
fected by such things as operating 
speed, clearance from the edge of 


Operating Speed — MPH 
25-30 30-35 35-40 40-45 45-50 50-55 


2-lane road 
shoulders 6 ft or more 1400 1600 1400 1150 900 600 
shoulders 5 ft 1200 —- 1500a1 800 ted 100 850 550 
shoulders 2 ft 1100 1800 1100 900 700 500 


4-lane road with 4-ft outer 
shoulders and 4-ft median 9650 6800 5650 4700 3800 3000 


manoeuvre under prevailing road- 
way and traffic conditions. 


The volumes shown above are 
practical or design capacities and 
are expressed in vehicles per hour, 


eis Depending on the per cent of com- 
total both directions. These volumes 


mercial vehicles in the traffic 


will permit traffic to move without 
unreasonable delay, hazard, or res- 
triction to the driver’s freedom to 


stream, the capacities given above 
will be reduced by the following per- 


centages. 


Per Cent of Per Cent Reduction in Capacity 


Commercial Vehicles 2-lane road 4-lane road 
, 5 6 5 
10 1d: 9 
15 16 13 


NOTE: Capacities have been caleulated from data given in Manual of Geo- 
metric Design Standards for Canadian Roads and Streets — pub- 
lished by the Canadian Good Roads Association. 
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To proceed with detailed designs 
for the crossing, the following cri- 
teria must be established: 


(a) Future peak hour demand, both 
with and without the railway. 


(b) Design hour volume. 
(c) Design speed. 
(d) Operating speed. 


To determine these criteria with 
confidence, it will be necessary to 
carry out the following studies: 


(a) Origin and destination studies 
of traffic using the ferries. 


(b) Protracted volume counts to de- 
termine peak hour, and daily 
factors. 


(c) Delay studies to determine the 
time lost waiting for ferries. 


(d) Studies of growth of popula- 
tion, and car and truck regis- 
tration and usage, to determine 
suitable growth factors for 
traffic with the various origins 
indicated by the origin and des- 
tination studies. 


(e) Studies of the before and after 
results of the construction of 
other causeways or crossings 
with similar characteristics. 


Rail Traffic — The rail traffic to 
and from Prince Edward Island is 
carried on the ferry from Borden 
to Cape Tormentine. Statistics on 
the number of rail cars carried in 
recent years were obtained from the 
Department of Industry and Natur- 
al Resources at Charlottetown, and 
are given below: 
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Year Railway Cars Carried 


1958 56,987 
1959 57,500 
1960 56,234 
1961 53,660 
1962 49,559 


Additional statistics from the same 
source show that in 1962, 11,579 
loaded railway cars left the Island, 
of which 8,447 carried potatoes and 
1,048 carried livestock. During the 
same year, 12,493 loaded railway 
cars entered the Island, the largest 
items being gas and oil carried by 
1,826 cars, bricks and cement by 
1,218 cars, and flour and feed by 
1,042 cars. It is estimated that the 
tonnage of freight moved across the 
Strait in 1962 was in the order of 
one million. At present, there is a 
daily passenger train which crosses 
to the Island by ferry. 


Marine Traffic — Northumber- 
land Strait is open to marine traffic 


from mid-April to mid-December, 
and is primarily used by vessels of 
less than 10,000 tons. Trans-Atlantic 
ships and large vessels serving the 
eastern seaboard generally pass 
north of Prince Edward Island. 


Statistics on the number of ships 
passing through the Strait are not 
complete, but the log of vessels ar- 
riving at and departing from Char- 
lottetown indicates that traffic 
through the Strait is light, and that 
with present marine traffic volume 
an opening bridge over a navigation 
lock would not require to be raised 
more than twice a day, providing 
there are necessary clearances for 
local fishing and pleasure craft to 
pass under the structure. 


There is little or no movement of 
the large trawler type fishing boat 
through the Northumberland Strait. 
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Most trawlers sail straight out from 
their home ports at the end of the 
Strait to fishing grounds in the Gulf 
of St. Lawrence. Lobster boats, how- 
ever, travel extensively in the Strait 
so special provisions were consider- 
ed that would facilitate their pas- 
sage through the crossing. 


For the complete rockfill cross- 
ings considered in Part II of this 
report, it is proposed to provide a 
passage for fishing vessels off 
Jourimain Island. This passage will 
be through a bridged opening with 
lock gates at each end. Correspon- 
dence with the Federal Department 
of Fisheries in February 1959 in- 
dicated that the size of fishing ves- 
sel to be considered in the design of 
the bridged opening is: 


Maximum length — 45 feet 
Maximum beam a aCe 


A clearance of 10 feet at high water 
spring tides should also be provided. 


The above dimensions correspond 
to a large lobster boat, but are less 
than those of a trawler. 


For bridge crossings considered 
in the Phase I studies the maximum 
current through openings between 
piers has been kept to less than 6 
knots and sufficient clearance has 
been provided above high water 
springs so that small fishing boats 
and pleasure craft can normally 
pass under the bridge spans. 


Further studies of government 
department records on marine traf- 
fic in the Strait will be made during 
Phase II, so that the number and 
types of vessels can be accurately 
determined. The basic data obtained 
will be used to assess the most suit- 
able dimensions of locks or open- 
ings for the passage of ships 
through the causeway. 
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TYPES OF CROSSING 


Various combinations of types of 
crossing have been investigated in 
the Phase I studies and for each of 
these, a cost estimate, a brief des- 
cription, and a summary of advan- 
tages and disadvantages are pre- 
sented in Part II of this report. 
Most of the proposals comprise a 
combination of basic structural ele- 
ments and some components are 
common to a number of schemes. 


It is the purpose of this section 
to describe in general terms these 
major elements, and to summarize 
the ways in which they have been 
combined: to form the various 
schemes for the proposed crossing. 


Rockfill Causeway 

Most of the schemes presented 
in Part II of the report incorporate 
a‘section of rockfill causeway. Com- 


parative estimates have shown that, 
considering only the direct cost of 
the causeway itself, and the capita- 
lized cost of maintenance to repair 
damage due to ice and wave action 
during storms, a causeway con- 
structed completely across the Strait 
would probably be the least ex- 
pensive method of effecting a per- 

manent crossing. | 


A number of very significant 
additional cost factors are, however, 
associated with this proposal, prin- 
cipally the cost of providing a navi- 
gation lock and the costs associated 
with the alteration in tidal regime 
caused by the construction of a 
virtually complete barrier across the 
Strait. When these additional cost 
factors are evaluated, it is apparent 
that a “full causeway” is not the 
optimum economic solution. 
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Nevertheless, because of the re- 
latively low cost of rockfill cause- 
way per unit length compared with 
the alternatives of bridging or tun- 
nelling, there remains a strong eco- 
nomic incentive to incorporate in 
any scheme as long a rockfill cause- 
way section as possible consistent 
with the maintenance of sufficient 
clear water area in the Strait to 
limit changes in the tidal regime to 
acceptable proportions. 


The main body of the rockfill 
causeway would be constructed of 
local sandstone, which may be ob- 
tained in adequate quantity from 
the quarries located close to the 
site on both the New Brunswick 
and Prince Edward Island sides. 
A considerable amount of study al- 
ready has been devoted to establish- 
ing the availability and character- 
istics of this rock in previous stu- 
dies, notably those carried out by 
the Department of Public Works 
during the period 1956-1958. 


To summarize the conclusions of 
these investigations very briefly, 
the rock, while not a particularly 
competent or durable variety of 
sandstone, would perform satisfac- 
torily as bulk rockfill. A certain 
amount of settlement of the fill 
would, nevertheless, occur due to 
internal adjustment of the positions 
of the dumped rockfill fragments 
and a limited amount of crushing 
at points of contact between frag- 
ments. This process of internal con- 
solidation and adjustment should, 
however, be virtually complete by 
the end of the period of construc- 
tion, and little settlement need be 
anticipated after final grading of 
the causeway prior to construction 
of the travelled surfaces. 


The results derived from drilling 
and seismic survey work in the 
Strait on the line of the proposed 
crossing show that the overburden 
above bedrock is nowhere thicker 
than 20 feet and comprises mainly 
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dense glacial till, with only a rela- 
tively thin superficial layer of re- 
worked till or recent seabed sedi- 
ments being present. 


In general, the till encountered in 
exploratory work constitutes a per- 
fectly adequate foundation for a 
rockfill of the height contemplated, 
and the upper layer of comparative- 
ly weak material would be rapidly 
displaced as the rockfill is placed. 
No major foundation problems need, 
therefore, be anticipated in con- 
struction of a rockfill causeway 
section. 


It is at present contemplated that 
the lower portion of the rockfill 
would be constructed by dumping 
from marine equipment, and these 
methods would continue to be used 
until the fill reached a level such 
that the tidal fluctuations no longer 
permitted an economic working 
cycle for the marine equipment. 
Thereafter, the fill would be com- 
pleted by end dumping from trunks. 


The considerations concerning 
the economic causeway crest level 


and design criteria governing the 
choice of armour rock sizes are 
discussed in the previous section — 
Design Considerations — under the 
subtitle Hydraulic Aspects. For the 
purpose of the layouts and estimates 
presented herein, the causeway 
crest level has been set at 31 feet 
above low water ordinary spring 
tide (LWOST) at Borden. 


As pointed out in the same sec- 
tion, the causeway’s exposed posi- 
tion and the frequent incidence of 
rough water in the Strait neces- 
sitates careful and conservative de- 
sign and construction of armour 
rock protection for the slopes of 
the fill in order to preclude displace- 
ment or erosion of the bulk fill 
materials by wave action. 


The actual operating costs of the 
causeway could very largely be de- 
termined by the effectiveness of the 
armour rock protection in minimiz- 
ing the frequency and extent of 
maintenance work. The studies per- 
formed to date indicate that the op- 
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timum economic balance between 
first cost and maintenance costs is 
attained with the use of armour 
rocks weighing between 6 and 9 
tons. 


The primary qualities desirable in 
armour rock are physical and chemi- 
cal durability. It should be resistant 
to deterioration as a result of im- 
pact and abrasion, freezing and 
thawing, or wetting and drying 
cycles. 


Although they are acceptable as 
rockfill materials, it is unlikely that 
the local sandstones would give 
satisfactory service as armour rock. 
Local sandstone from some of the 
more massive beds in the proposed 
quarries for bulk rockfill may, in 
the final analysis, prove to be suit- 
able for armour rock, but at the 
present stage of the investigations 
it would appear unjustifiably opti- 
mistic to place much reliance on 
these sources. A number of possible 
armour rock quarries were investi- 
gated in the course of the Phase I 


studies, at least two potential 
sources of igneous or massive sedi- 
mentary rock suitable for use as 
armour stone being located within a 
reasonable distance from the site. 


The armour rock protection would 
extend from the crest of the cause- 
way to approximately an elevation 
11 feet below low water ordinary 
spring tide, as indicated on the 
plates. Below this elevation, the 
severity of wave action is likely to 
reduce to a level at which less strin- 
gent slope protection measures are 
necessary, and here the smaller rock 
from the armour stone quarries can 
be employed as riprap together with 
any suitable material obtained from 
the local sandstone quarries worked 
for bulk fill. Thick transition zones 
comprising rock intermediate in size 
between the riprap or armour rock 
and the bulk fill would be incorpor- 
ated. 


During construction of the cause- 
way, there will be long periods when 
the surface of the fill placed by 
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marine equipment may be subjected 
to erosive action due to surface 
waves and accelerated tidal flows 
over the restriction formed by the 
partially completed causeway sec- 
tion. To protect the surface until it 
is covered by a further lift placed 
by end dump trucks it may be neces- 
sary to place a mat of riprap on it 
as the final phase of the marine 
work on each section. 


Bridge 

In the preceding section, the un- 
desirable effects on the tidal regime 
of constructing a complete barrier 
across the Strait were mentioned. 
One way of providing the desirable 
minimum clear water area, amount- 
ing to approximately 35 per cent of 
the present area of the narrows be- 
tween Borden and Cape Tormen- 
tine, is to replace a portion of the 
causeway by a section of bridge. 
The length of bridge required to 
give the necessary area is about 4 
miles, the structure being located 
more or less centrally in the Strait 
where the water is deepest, so as to 


give the necessary flow area with a 
minimum bridge length. 


Previous studies have shown that 
the cost of a high level bridge, with 
one hundred and fifty feet of verti- 
cal clearance to allow the passage 
of shipping, was prohibitively ex- 
pensive. Phase I investigations of a 
bridge section were, therefore, con- 
fined to the examination of a bridge 
providing a_ sufficient clearance 
above maximum high tide to allow 
passage of lobster boats and small 
craft, and prevent damages due to 
the pile up of ice around the bridge 
piers. 


Two basic designs of bridge super- 
structure have been evolved. In 
those schemes designed to provide 
for both railway and road traffic, 
a double-deck steel truss, as shown 
on Plate 10 would appear to be the 
economic solution, the single-track 
railway being carried on stringers 
and cross beams framing into the 
lower chords of the trusses, while 
the concrete roadway deck is carried 
on the upper chords. 
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For this particular crossing, an 
arrangement comprising anchor 
spans with double cantilevers and 
suspended spans between the canti- 
levers probably represents the best 
form of articulation. This arrange- 
ment automatically permits relative 
settlement between piers without in- 
ducing secondary stresses in the 
superstructure, results In an econo- 
mic design of superstructure, par- 
ticularly for dead loading, and per- 
mits a high degree of standardiza- 
tion in fabrication. 


The construction of the super- 
structure could proceed by conven- 
tional erection practices, working 
from previously erected sections 
with a small amount of temporary 
falsework. Alternatively, the anchor 
and suspended spans could be fab- 
ricated on shore, floated out on 
barges, and placed in position on 
the piers. Subsequently, secondary 
members, such as the deck stringers 
could be erected and the concrete 
road deck poured. 


The layouts and estimates are 
based on spans of 350 feet between 
centres of piers. It is possible that 
more detailed studies would show 
that some economies could be ef- 


fected by the use of high strength 
steels in the more highly stressed 
portions of the superstructure and 
somewhat longer spans, but the de- 
signs and cost estimates presented 
herein are considered to be suffi- 
ciently accurate for the purposes of 
the Phase I studies. 


The advantage of long spans in 
the case of the prefabricated conical 
piers discussed in the following 
paragraphs is principally due to the 
fact that since these piers take up a 
large proportion of the flow area 
beneath the bridge, an increase in 
span results in a reduction of the 
number of piers and a substantially 
shorter total length of bridge to give 
the same flow area. 


The design presented for a bridge 
to accommodate road traffic only is 
based on the use of simply supported 
prestressed concrete beams span- 
ning about 300 feet between pier 
centres, as is shown for example on 
Plate 11. The roadway deck forms 
the upper flange of the beams, 
which would be cast and post-ten- 
sioned in a casting yard on shore, 
floated out on specially equipped 
barges, and placed in position on the 
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piers. Each beam is estimated to 
weigh approximately 1,700 tons. 
Preliminary comparative studies 
have been made between steel and 
concrete girders; however, further 
studies will be required to establish 
the merits of each type. 


The form of pier tentatively 
selected for purposes of the Phase 
I designs and estimates for either 
type of bridge, consists essentially 
of a hollow precast concrete shell of 
conical form. Such a pier has the ad- 
vantage that it can be floated out 
and sunk into place on a prepared 
foundation of sound granitic rockfill 
placed by bottom dump barges. Once 
the pier is in place, lean concrete is 
poured by tremie to fill the hollow 
shell. This will provide the necessary 
mass to render the pier stable 
against lateral forces due to ice, 
waves, and wind acting on the super- 
structure. The amount of under- 
water work will be reduced to an 
absolute minimum and _ extensive 
and time-consuming cofferdam or 
caisson construction of piers elimi- 
nated. The foundation of Prince 
Shoal lighthouse at the mouth of the 


Saguenay River in Quebec was con- 
structed in 1962 in the manner just 
outlined. 


The inclined face, which the coni- 
cal pier presents to ice floes or rafts 
that could be blown towards it by 
the winds from any direction is ad- 
vantageous, since the effect of later- 
al forces exerted on the pier are 
offset by vertical components tend- 
ing to increase the stability of the 
pier against sliding upon its foun- 
dation. In addition the inclined re- 
action of the pier on the ice will tend 
to minimize the ice loads by causing 
the leading edge of the ice floe or 
raft to fail in combined shear flex- 
ure rather than in direct compres- 
sion. Further study of the action of 
ice upon piers of this form will be 
carried out in Phase II. 


One of the proposals presented in 
Part II of this report involves the 
construction of the bridge initially 
for two lanes of traffic with provi- 
sion for a subsequent widening to 
four lanes if this becomes justified 
by the increase in traffic volume. 
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Initially, the width of the pier 
column caps will be sufficient to 
carry only one roadway beam. Pro- 
vision will be made, however, to at- 
tach two cantilevers to each cap 
should the widening become neces- 
sary. The extended pier caps will be 
rendered monolithic by prestressing, 
the ducts for the prestressing cables 
being formed in the cap during in- 
itial construction. The basic concept 
is indicated on Plate 18. 


The first set of roadway beams 
will be moved laterally across the 
widened column caps by jacking, 
several beams being jacked over 
concurrently so that in plan the 
roadway forms a continuous curve 
and is negotiable by traffic during 
the jacking process. 


Once the first series of roadway 
beams have been relocated on the 
piers, the new beams carrying the 
additional two lanes of traffic will 
be installed on the caps in a manner 
similar to that used in initial con- 
struction, and described above. 


Prefabricated Tunnel 

A number of the schemes discuss- 
ed in Part II of this report incorpor- 
ate lengths of tunnel made up of pre- 
fabricated concrete units cast on 
shore, which are floated out into 
position, and sunk upon a prepared 
foundation on the bed of the Strait, 
or on a previously placed bed of 
rockfill. 


The cost per unit length of such a 
tunnel is approximately three times 
that for a bridge designed to carry 
the same traffic, and consequently 
the use of a prefabricated tunnel 
for the proposed Northumberland 
Strait Crossing is contemplated only 
to provide a navigation opening of 
sufficient clear width at low tide to 
handle vessels which are too large 
to pass under the bridge. 


A considerable number of pre- 
cedents exist for the use of prefab- 
ricated tunnels of the type describ- 
ed, and which are shown on Plates 
10 to 12. Notable examples among 
these are the Maas Tunnel in the 
Netherlands and the Deas Island 
Tunnel across the Fraser River, 
near Vancouver, B.C. 
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The tunnel will consist of precast, 
reinforced concrete elements, each 
about 350 feet long and weighing 
some 20,000 tons. The tunnel ele- 
ments will be constructed inside a 
cofferdam built out into the Strait 
from the shore with temporary bulk- 
heads incorporated to close the ends 
of the units. After completion of the 
prefabricated sections, the coffer- 
dam will be breached and the units 
floated out to position in the Strait 
by means of a specially constructed 
assembly of steel barges braced to- 
gether along the sides of the unit 
and equipped with winches for posi- 
tioning of the assembly and control 
of the sinking operation. 


After each unit is placed on the 
prepared foundation on the bottom 
of the Strait, it will be levelled by 
underwater jacking, the joints be- 
tween adjacent units closed by jack- 
ing, and the assembly rendered 
monolithic and water-tight by in 
situ concreting of the joints. After 
final alignment of the units in this 
manner, sandfill will be jetted be- 
tween the foundations and the un- 
dersides of the unit to give continu- 
ous support to the tunnel invert. The 
units will be subsequently covered 


and surrounded by fill placed from 
bottom dump barges to stabilize the 
tunnel and to prevent erosion of the 
sandfill under the tunnel by tidal 
flows. 


The navigation channel will be 
located close to the Prince Edward 
Island shore. A considerable amount 
of underwater rock excavation will 
be required to form, at the proper 
grades, the trench in which the tun- 
nel units are subsequently placed. 


A number of different sections 
for the prefabricated tunnel are 
dealt with in Part II, corresponding 
to the various alternative traffic 
facilities considered. The basic con- 
cepts and methods of construction 
for all alternatives are, however, 
similar to those described above. 


In the particular case of a two- 
lane highway, an alternative type 
of prefabricated tunnel has been 
considered. In this case, it is possible 
to employ techniques similar to 
those developed for the tunnel un- 
der the Galveston Ship Canal and 
the Chesapeake Bay Tunnels. This 
type of tunnel entails the use of 
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sections of double-walled circular 
steel tube constructed on shore, 
lined with concrete and with the 
roadway installed for ballast. These 
are towed out and sunk into posi- 
tion by pouring concrete into the 
space between the double walls. A 
section of this type of tunnel is 
shown on Plate 11. 


Tunnel Driven in Rock 

Schemes 4A to 4C presented in 
Part II, are based on the construc- 
tion of a vehicular tunnel driven in 
rock and extending completely 
across the Strait. The length of the 
tunnel proper will be approximately 
seven miles for those schemes in 
which provision for road traffic 
only is made. Where provision for 
the railway is included, the tunnel 
length is increased by almost two 
miles due to the flatter gradients 
necessary at the approaches. The 
approaches to the tunnel on both 
the Prince Edward Island and New 
Brunswick sides will be construct- 
ed by open cut methods. 


The tunnels will be driven through 
the gently dipping sandstone, silt- 


stone, and mudstone beds underly- 
ing the Strait. The exploratory drill- 
ing performed to date indicates that 
faults or shear zones occur only in- 
frequently. The rock, however, is 
not structurally strong and the tun- 
nel excavation before lining will 
probably have to be supported over 
most of its length by steel sets and 
possibly rock bolts. 


The magnitude of the problem 
which could be encountered in 
handling water seepage into the 
tunnel during construction cannot 
be predicted accurately with the 
limited knowledge presently avail- 
able concerning the geohydrology 
of the rock formation in the area of 
the proposed crossing. 


In the form of intact samples, the 
sandstone rock does not have a high 
permeability and the intact mud- 
stone and siltstone is rather imper- 
vious. The bulk permeability of the 
rock mass, nowever, depends prin- 
cipally upon the spacing, degree of 
continuity, and extent of intercon- 
nection of open jointing or fractur- 
ing in the various strata, and also 
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upon the areal continuity of those 
strata such as the mudstone or silt- 
stone layers which might act effec- 
tively as aquicludes. 


It would appear from the results 
of the offshore drilling operations 
conducted during the summer of 
1963, that the mudstone and silt- 
stone layers are discontinuous. Con- 
sequently, recharge of groundwater 
in the rock mass below the Strait 
might not be significantly impeded 
by the presence of these layers. On 
the other hand, the layer of till over- 
lying the rock does appear to be 
virtually continuous although vari- 
able in thickness. This may, in fact, 
prove to be an effective seepage 
barrier which could reduce ingress 
of water from the Strait to propor- 
tions which could be handled by 
pumping without great difficulty. 


For purposes of the estimate pre- 
sented in Part IJ of this report, fair- 
ly severe assumptions have been 
made concerning water conditions 
during construction, and high pump- 
ing costs have been included. As an 
example of conditions which might 
pertain, it may be noted that the 
Mersey Tunnel, driven through 
sandstone formation under the 


River Mersey, near Liverpool, Eng- 
land, required a continuous pump- 
ing capacity of 6,000 to 7,000 gpm 
throughout the period of underwat- 
er construction. The total length of 
the Mersey Tunnel is slightly over 
two miles, but the underwater sec- 
tion is only about a mile long. 


Selection of the depth of rock 
cover over the tunnel is an impor- 
tant economic consideration, since 
the deeper the tunnel, the greater 
its length and the length of the ap- 
proaches to maintain acceptable 
gradients. The minimum necessary 
rock cover over the tunnel is govern- 
ed by considerations of stability 
against collapse of the roof. If col- 
lapse were complete, flooding of the 
tunnel would inevitably result. Al- 
though there are instances of tun- 
nels having been constructed under 
similar conditions with a very small 
rock cover, it is considered that, for 
the purposes of the Phase I studies, 
a cover of about twice the equivalent 
tunnel diameter is the minimum 
which could be contemplated on the 
basis of the geological. information 
currently available. The layouts and 
estimates presented in Part II have 
been based on this assumption. 
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A number of different tunnel sec- 
tions have been considered, corres- 
ponding to the various alternative 
traffic requirements. These are 
shown in Part II of this report. In 
each case, a large proportion of the 
cross-sectional area of the tunnel 
will be occupied by ventilation ducts. 
Ventilation of a tunnel of this length 
designed to carry fairly heavy 
motor vehicle traffic requires a very 
extensive and costly system. The 
estimated cost of the electrical and 
mechanical installation is in the 
order of $20 million for each of the 
various driven tunnel schemes. In 
the only other tunnel of comparable 
length in the world, the Mont Blanc 
Tunnel, the capacity is limited by 
the ventilation system to a maxi- 


mum of 450 cars per hour. 


SCHEMES INVESTIGATED 


The various methods which have 
been discussed for constructing the 
crossing have been combined in a 
number of ways, and fourteen 
schemes are described in Part II 
of this report. The elements have 
been located within the length of the 
proposed crossing in a manner to 
fulfil the basic design concepts and 
yield maximum economy. Although 
each scheme is presented and dis- 
cussed in Part Il, the various basic 
arrangements and elements of the 
fourteen schemes considered are, 
for clarity, summarized diagram- 
matically on Plate 4, and their esti- 
mated cost and annual maintenance 
and operation costs given in the fol- 
lowing table. An additional scheme 
was considered involving a partial 
rockfill causeway and prefabricated 
tunnel without a bridge section. 
While this combination had definite 
appeal in using only well proven 
methods of construction, the cost 


was prohibitive. 
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STRAIT CROSSING - 


NORTHUMBERLAND 


DIAGRAMMATIC REPRESENTATION 
OF SCHEMES FOR 
STRAIT CROSSING 


GOVERNMENT OF CANADA 
DEPARTMENT OF PUBLIC WORKS _ 


NOR THUMBERLAND CONSULTANTS — LIMITED 
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OLUTION 
I-A 
: 
I-B 
I-C 
2—A 
2—-B 
2-C 
3-A 
3-B 
3-—C 
3-D 
3-E 
4—A 
4-B 
4-C 


UNDERGROUND | PREFABRICATED PRESTRESSED BOAT SHIP NAVIGATION 
TRAFFIC ROCKFILL ROCK ORIVEN CONCRETE STEEL TRUSS CONCRETE NAVIGATION NAVIGATION Ber AND 
FACILITIES CROSSING TUNNEL TUNNEL BRIDGE BRIDGE CHANNEL LOCK BRIDGE” 
FACILITES PASSAGE EN TUNNEL TUNNEL CANAL fCLuse pour | ECLUSE POUR 
POUR TRAFIC | ENROCHEMENT EXCAVE Py BETON NAVIGABLE | NAVIGATION DE NAVIGATION MET 
DANS LE ROC FABRIQUE FAIBLE TONNAGE | PONT - OUVRANT 
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TABLE 4 


Estimates of Cost, Operation and Maintenance 


Capitalized 
Annual Cost of 
Operation Operation 
Estimated and and 
Total Cost Maintenance Maintenance 
(millions (thousands (millions 
Scheme Description of dollars) of dollars) of dollars) * 
1 - Rockfill Causeway, comprising 
1-A  ‘Two-lane highway and 
railway 122 745 14.1 
1-B  Two-lane highway 116 710 13.4 
1-C  Four-lane highway 120 730 13.8 


bo 


- Partial Rockfill Causeway, With Bridge on Prefabricated Piers, and Pre- 
fabricated Tunnel Sections, comprising 


2-A  Two-lane highway and 


railway 146 930 17.6 
2-B  Two-lane highway 98 390 7.4 
2-C  Four-lane highway 109 620 LT 


3 - Partial Rockfill Causeway, With Bridge Section on Prefabricated Piers, 
and Navigation Lock comprising 


38-A  Two-lane highway and 


railway 119 900 iia 
3-B  Two-lane highway 87 465 8.8 
3-C Four-lane highway 99 485 9.2 
3-D  Two-lane highway (28- 

foot pavement) 84 465 8.8 
38-E  Two-lane highway conver- 

tible to four lanes 88 465 8.8 


(Conversion cost — $17 million extra) 


4 - Tunnel Driven in Rock, comprising 
4-A  Two-lane highway and 


railway 148-158 1,050 - 1,100 19.8 - 19.1 
4-B  Two-lane highway 108 850 16.1 
4-C  Four-lane highway 170-180 1,500 28.4 


Operation and Maintenance costs capitalized at 5% for a 60-year period. 
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CONCLUSION AND RECOMMENDATIONS 


A. The division of Northumberland 


Strait into two large bays by the 
construction of a complete rock- 
fill causeway would adversely 
change the tidal regime and in- 
crease the amplitude of storm 
surges. Phase I Report estimates 
of the cost of remedial works 
that would be required due to 
these changes total $23 million, 
and indicate that when these 
works are taken into account 
schemes allowing a clear flow 
area for tidal currents are com- 
petitive with a complete rockfill 
crossing. 


It is, therefore, recommended 
that further engineering studies 
should be concentrated on 
crossings having a minimum ef- 
fect on existing conditions in 
the Strait, provided that they 
are economically competitive 
with the complete  rockfill 


causeway proposal, and can be 
designed to withstand succegs- 
fully the effects of storms and 
ice action in the Strait. 


B. Phase I engineering studies have 


shown that a crossing providing 
a clear flow area equal to about 
35 per cent of the existing flow 
area in the narrows between 
Borden and Cape Tormentine 
will have virtually no effect on 
tides or storm surges in the 
Strait. The maximum current 
through this clear area will be 
5.9 knots during extreme spring 
tides and 4.0 knots during an 
average tide. 


It is recommended that in com- 
paring alternative design for 
the Northumberland Strait 
Crossing, a clear flow area 
should be allowed equal to 35 
per cent of the existing flow 
area in the narrows. 
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C. Phase I engineering studies have 


shown that the flow area requir- 
ed to limit tidal effects and storm 
surges can most economically be 
provided by a section of bridge 
crossing carried on prefabricated 
piers. 


It is recommended that the de- 
sien for sections of bridge 
crossing on prefabricated piers 
be further developed. 


. Despite the advantage of a 
bridge crossing in providing flow 
area, the structural strength of 
rockfill causeway and its com- 
position of largely local material 
make it an attractive and econo- 
mical method of constructing 
part of the crossing. 


It is recommended that the 
rockfill section of crossing be 
examined in greater detail, and 


the investigation of sources of 
eonstruction material continu- 
ed. 


E. The report indicates the action of 


ice on the crossing as one of the 
principal factors to be considered 
in its design. Ice loads on piers 
of a bridge crossing can occur 
both from the impact of drifting 
of ice floes on collision with the 
pier, or from an ice jam blocking 
the opening between a number 
of piers. 


It is recommended that meas- 
urements be taken of the 
thickness and strength of ice 
floes in the Strait and of ice 
forces on the pier at Borden. 
In addition, the future be- 
haviour of ice in the vicinity 
of the crossing, when construct- 
ed, should be studied by tests 
on hydraulic models. 
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I’, Phase I engineering studies have 


indicated that if provision is re- 
quired for the uninterrupted 
flow of all marine and vehicular 
traffic, this can be most econo- 
mically accomplished by placing 
a short section of prefabricated 
tunnel in the strait on the Prince 
Edward Island side of the cross- 
ing. A depth of 32 feet at low 
water would be provided in a 
navigation channel over the tun- 
nel. 


Offering a cost saving of at least 
$16 million, but not providing for 
the uninterrupted flow of all 
traffic, is a navigation lock. 
Vehicular traffic would cross the 
lock via ant opening bridge. Pre- 
liminary studies show, however, 
that the volume of shipping 
through the strait is light, and 
opening of the bridge will not 
likely interrupt vehicular traffic 
more than about twice a day. 


It is recommended that further 
studies should be made of the 
design and location of a lock 
to provide for the passage of 
shipping, and that subsurface 
exploration should be carried 
out at its favoured location. 


G. Preliminary studies of road traf- 


fic have indicated that serious 
considerations should be given 
to providing facilities that would 
economically allow, by initial 
provision or later conversion, 
four lanes of vehicular traffic 
to pass over the crossing pos- 
sibly within twenty-five years 
after its construcion. 


It is recommended that further 
studies be made of vehicular 
and marine traffic at the cross- 
ing, so that sufficient data will 
be available to determine with 
confidence the facilities that 
should be provided for road, 
rail and marine traffic. 


. A preliminary study of a tunnel 


driven in rock under the strait 
indicated that this alternative is 
unattractive, both from the point 
of view of cost of construction 


and later maintenance and ven- 


tilation. The ventilation of this 
tunnel, which would be approxi- 
mately eight miles long, might 
limit its capacity to handle peak 
volumes of traffic. 


It is recommended that no 
further consideration be given 
to a tunnel crossing driven in 
rock. 
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NORTHUMBERLAND STRAIT | 
CROSSING 


PHASE I REPORT 


Part II — Schemes for 
Northumberland Strait Crossing 
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ROCKFILL CROSSING, NAVIGATION LOCK WITH OPENING BRIDG! PLATE GEN en cain) 
PASSAGE EN ENROCHEMENT, ECLUSE POUR NAVIGATION AVES PONT -OUVRANT PLANCHE 5 J WE BU Rance Eoguare 


ROCKFILL CAUSEWAY 


Description 

In this general scheme a rockfill 
causeway across Northumberland 
Strait as shown on Plate 5 connects 
Jourimain Island, New Brunswick 
with Port Borden, Prince Edward 
Island. 


The rockfill causeway which is 
approximately eight miles in length 
will be composed mainly of a bulk 
rockfill core obtained from sand- 
stone quarries close to the site in 


both New Brunswick and Prince - 


Edward Island. The core is protect- 
ed to a depth of approximately 11 
feet below LWOST by a _ 6-foot 
thick layer of armour rock units 
weighing approximately six to nine 
tons each. Below elevation -11 feet 
LWOST the core is protected by 
a 10-foot thick layer of random 
riprap. Armour rock can be ob- 
tained from known sources of dur- 
able rock in New Brunswick and, 
possibly, Nova Scotia. The crest 
width of the causeway will depend 
upon the type of facility provided, 
and is discussed later. The crest ele- 
vation of +381 feet LWOST has 
been chosen to restrict the fre- 
quency of overtopping by large 
waves to an average of approxim- 
ately ten waves per annum. The up- 
per section of the causeway, which is 
protected by armour units, has side 
slopes of 2 horizontal to 1 vertical, 


and the lower section side slopes 
are 114 horizontal to 1 vertical. To 
provide for the movement of ship- 
ping through the Strait, a lock will 
be constructed near the Prince Ed- 
ward Island shore. The Department 
of Transport requires lock dimen- 
sions of 820 feet by 80 feet with a 
depth of 32 feet over the sill at low 
water. A second smaller lock 60 feet 
long by 15 feet wide is provided for 
small vessels near the New Bruns- 
wick shore in accordance with De- 
partment of Fisheries requirements. 


Advantages and Disadvantages 


The structural strength of the 
rockfill causeway and its composi- 
tion of largely local materials make 
it an attractive method of effecting 
a crossing, but there are several 
serious disadvantages. Dividing the 
Northumberland Strait into two 
large bays will change the tidal re- 
gime and increase flooding by storm 
surges. As a result remedial works 
along both shorelines will be neces- 
sary at a cost of at least $23 million. 
A careful evaluation of temperature 
changes and the effects on fisheries 
is necessary before this proposal 
can be adopted. The use of an open- 
ing bridge over the larger naviga- 
tion lock to permit the passage of 
ships will, to a limited extent, 1m- 
pede the free flow of vehicles over 
the crossing. 
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SCHEME 1-A - Two-Lane High- 
way and Railway 


The general description which has 
been given for the rockfill cause- 
way applies to this variation of the 
scheme as shown on Plate 6 oppo- 


An overall crest width of 80 feet 
is provided under this proposal to 
accommodate two 12-foot traffic 
lanes with 10-foot paved shoulders 
and a single track rail right-of-way 
16 feet wide. Armour protection 
extends 10 feet beyond the outer 
limits of the vehicular rights-of- 
way. 


ESTIMATE OF COST 


site. 

Item Unit 
Bulk Fill C.y. 
Armour Rock 

Class A C.y. 

Class B C.y. 
Random Riprap C.y. 
Locks 
Remedial Works 
Miscellaneous ~ —— 


SLD LOULs Aiacls oe a ne oe REE! ORL 


Engineering and Supervision at 5 per cent 


Cost in 

Unit Millions 
Quantity Cost of Dollars 
28,913,000 $ 1.50 $43.31) 
581,000 15.00 8.715 
1,162,000 50 B.715 
2,936,000 6.00 17.616 
— Sum 8.830 

— Sum 23.000 

— Sum ts 
115.841 

6.159 

$ 122.000 


The estimated annual operating and maintenance cost is $745,000. 
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SCHEME 1-B - Two-Lane  High- 
way 


The general description which has 
been given for the rockfill cause- 
way applies to this variation of the 
scheme, as shown on Plate 7 oppo- 
site. 


An overall crest width of 64 feet 
is provided under this proposal to 
accommodate two 12-foot traffic 
lanes with 10-foot paved shoulders. 
Armour protection extends 10 feet 
beyond the outer limits of the vehi- 
cular right-of-way. 


ESTIMATE OF COST 


Cost in 

Unit Millions 
Item Unit Quantity Cost of Dollars 
Bulk Fill C.y. 26,910,000 $ 1.50 $ 40.865 

Armour Rock 

Class A C.y. 581,000 15.00 8.715 
Class B C.y. 1,162,000 7.50 8.715 
Random Riprap C.y. 2,856,000 6.00 17.136 
Locks — — Sum 8.830 
Remedial Works — — Sum 23.000 
Miscellaneous — — Sum 3.396 
TUN) OE ee EER nk en | re Mae ie On 110137 
Engineering and Supervision at 5 per cent 5.863 
SD ek al tc se ee ci tae SOP ces MEMES 5 a $ 116.000 


The estimated annual operating and maintenance cost is $710,000. 
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SCHEME 1-C - Four-Lane High- 
way 


The general description which has 
been given for the rockfill cause- 
way applies to this variation of the 
scheme, as shown on Plate 8 oppo- 
site. 


An overall crest width of 80 feet 
is provided under this proposal to 
accommodate four 12-foot traffic 
lanes with opposing traffic separ- 
ated by a barricaded 4-foot median 
and having 4-foot paved outer 
shoulders. Armour protection ex- 
tends 10 feet beyond the outer limits 
of the vehicular right-of-way. 


ESTIMATE OF COST 


Cost in 

Unit Millions 
Item Unit Quantity Cost of Dollars 
Bulk Fill C.y. 28,913,000 $ 1.50 $ 48.470 

Armour Rock 

Class A C.y. 581,000 15.00 8.715 
Class B C.y. 1,162,000 7.50 8.715 
Random Riprap C.y. 2,936,000 6.00 17.616 
Locks — — Sum 8.830 
Remedial Works — — Sum 23.000 
Miscellaneous — — Sum 3.865 
Subtotal ...... ee ee ee, aa Mew: 114.111 
Engineering and Supervision at 5 per cent 5.889 
ME a en ks 8D vara een nee oc: enn ake Ow ard Coy eG $ 120.000 


The estimated annual operating and maintenance cost is $730,000. 
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PARTIAL ROCKFILL CAUSEWAY WITH BRIDGE ON PREFABRI- 
CATED PIERS, AND A PREFABRICATED TUNNEL SECTION 


Description 

This general scheme as shown on 
Plate 9 opposite has three compo- 
nents; a section of rockfill cause- 
way, a bridge on prefabricated 
piers, and a prefabricated concrete 
tunnel. The crossing will connect 
Jourimain, New Brunswick with 
Port Borden, Prince Edward Island, 
a distance of approximately eight 
miles. 


A major feature of the design 
is the section of bridge which crosses 
the deepest part of the Strait. It will 
consist of a series of concrete or 
steel bridge spans supported on pre- 
fabricated concrete piers, which are 
founded on submerged islands of 
rockfill. The rockfill causeway sec- 
tion extends from the New Bruns- 
wick shore to the bridge. An arti- 
ficial rockfill island forms the nor- 
thern abutment of the bridge and 
the southern portal of the prefabri- 
cated concrete tunnel which will 
pass beneath the navigation opening 
to the Prince Edward Island shore. 
This navigation opening provides a 
minimum depth of 32 feet below 


LWOST over a width of 1,000 feet. 
To minimize currents and tidal ef- 
fects, the design provides for an 
opening of approximately 85 per 
cent of the original area of the Nar- 
rows. 


Advantages and Disadvantages 
The use of a bridge and tunnel 
in part of the Northumberland 
Strait Crossing to provide an open- 
ing of 35 per cent of the original 
eross section of the Narrows will 
eliminate the danger of flooding due 
to increased tides and storm surges. 
The use of a tunnel under the navi- 
gation opening, as opposed to an 
opening bridge should result in un- 
interrupted flow of both vehicular 
and water-borne traffic. Small fish- 
ing boats and pleasure eraft can 
normally pass under the bridge 
spans. Since this scheme incorpor- 
ates a tunnel, it will require a staff 
on duty twenty-four hours a day to 
maintain the ventilating equipment 
and deal with accidents or break- 
down of vehicles in the tunnel. These 
additional operating expenses are 
reflected in the cost estimates. 
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SCHEME 2-A - Two-Lane Highway and Railway 


The general description which has 
been given for the partial rockfill 
causeway applies to this variation 
of the scheme as shown on Plate 
10 opposite. 


The rockfill section extends from 
the New Brunswick shore for ap- 
proximately two miles and is similar 
to that described under Scheme 1-A. 
It adjoins the bridge section, nearly 
four miles long consisting of a series 
of cantilevered steel trusses with a 
span of approximately 350 feet. To 
avoid adverse railway gradients in 
the transitions at each end the rail- 
way is carried on the lower chords 
of the trusses with the highway on 
the upper chords. This location of 
the highway minimizes the hazard 


caused by freezing spray. The high- 
way consists of two 12-foot traffic 
lanes with 5-foot outer safety lanes 
making a pavement width of 34 feet. 
The lower bridge chords are spaced 
so that the railroad can be converted 
to two 12-foot traffic lanes thus 
making the bridge a four-lane faci- 
lity. The tunnel section is about 
two miles long including approaches 
with the tunnel itself extending 
0,600 feet. The prefabricated ele- 
ments are divided into two parts 
with 12-foot traffic lanes in one 
part and the railroad and an emer- 
gency traffic lane in the adjacent 
symmetrical part. Provision is made 
for converting the latter to two 12- 
foot traffic lanes to provide a four- 
lane facility. 


ESTIMATE OF COST 


Item Unit 
Rockfill Causeway — 


Bridge 
Granitic Fill | C.y. 
Piers Kae 
Bridge Lise 


Prefabricated Tunnel 
Tunnel Elements Ek 

Armour Rock and 
Fill — 
Miscellaneous — 


CREME UC A Renae er Rare a 


Cost in 
Unit Millions 
Quantity Cost of Dollars 


— Sum § 18.798 


2,420,000 §$ 5.00 12.100 
+5 228,000.00 12.996 

19,600 1,815.00 35.574 

5,600 3,000.00 16.800 

— Sum 22.458 

— Sum 25.064 

5 «hee Se Saal erin 188.790 
7.210 

sh be waked A OPARICaAt $146.000 


The estimated annual operating and maintenance cost is $930,000. 
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SCHEME 2-B - Two-Lane Highway 


The general description which has 
been given for the partial rockfill 
causeway applies to this variation 


of the scheme as shown on Plate sal 


opposite. 


The rockfill section extends from 
the New Brunswick side for ap- 
proximately one mile and has a 64- 
foot crest width to accommodate 
two 12-foot traffic lanes with 10- 
foot paved shoulders. The bridge 
section is approximately five miles 
long and consists of single prefabri- 
eated concrete or steel box girders 
spanning approximately 300 feet. 
The width will be 34 feet providing 
two 12-foot traffic lanes and two 5- 
foot outer safety lanes. The elimina- 
tion of the railway permits the use 


of increased gradients in the tunnel 
section thus reducing the length of 
tunnel and depressed approaches to 
approximately 6,000 feet, 3,860 feet 
being the length of the tunnel ele- 
ments. 


Between the tunnel section and 
the bridge section is incorporated 
approximately 4,000 feet of rockfill 
causeway. Tunnel width is 34 feet 
including two 12-foot traffic lanes 
and a 10-foot truck climbing lane. 


Attention is drawn to the fact 
that, if it should be necessary to in- 
crease the capacity of this two-lane 
facility to four lanes at a later date, 
substantial additional expense will 
be necessary to duplicate the sub- 
merged tunnel. 


ESTIMATE OF COST 


Cost in 
Unit Millions 
Item Unit Quantity Cost of Dollars 
Rockfill Causeway — — $ Sum §$ 10.639 
Bridge | 
Granitic Fill C.y. 3,830,000 5.00 19.150 
Piers Each 89 228,000.00 20.292 
Bridge [Due 26,fo2 550.00 14.714 
Prefabricated Tunnel 
Tunnel Elements loa: 3,860 2,000.00 7.720 
Fill and Armour Rock — Sum 9.605 
Miscellaneous — — Sum 11.548 
EVM EAIMERLAUE Looe cs civ ens vojpaggiimmme- Coe Soe cette Be oy peg 93.668 
Engineering and Supervision at 5 per cent 4,332 
Dt ih Me eAE A, coin Ss sha nel RIO Ee cins sepmenet e cher <BR $ 98.000 


The estimated annual operating and maintenance cost is $390,000. 
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SCHEME 2-C - Four-Lane Highway 


The general description which has 
been given for the partial rockfill 
causeway applies to this variation 
of the scheme as shown on Plate 12 
opposite. 


The rockfill causeway section ex- 
tending from the New Brunswick 
shore is approximately two miles in 
length with a crest of 80 feet to 
accommodate four 12-foot traffic 
lanes with opposing traffic separat- 
ed by a 4-foot barricaded median 
and having 4-foot paved outer 
shoulders. The bridge section is ap- 


proximately four miles long com- 
posed of twin prefabricated con- 
crete or steel box girders spanning 
approximately 300 feet and carrying 
two 12-foot traffic lanes on each 
girder. The tunnel section totals ap- 
proximately 6,000 feet including ap- 
proaches with the tunnel itself ex- 
tending for 3,860 feet and carrying 
four 12-foot traffic lanes. A section 
of artificial rockfill island is situat- 
ed between the tunnel and the bridge 
to carry the depressed tunnel &p- 
proach and the ramp to the bridge 
deck. 


ESTIMATE OF COST 


Item Unit 
Rockfill Causeway — 


Cost in 
Unit Millions 
Quantity Cost of Dollars 


— $ Sum $ 18.917 


Bridge 
Granitie Fill C.y. 2,860,000 5.00 14.300 
Piers Each 67 228,000.00 15.276 
Bridge L.f. 20,064 950.00 19.061 
Prefabricated Tunnel | 
Tunnel Elements Lyf, 3,860 3,000.00 11.580 
Fill and Armour Rock — Sum 10.214 
Miscellaneous — — Sum 16.385 
SUT 00] 22 Oe tp er Pk Aner) UREN GSP arene. TO5i130 
Engineering and Supervision at 5 per cent 5.267 
LIC EIS ee syrah? = SS a tC oe $ 111.000 


The estimated annual operating and maintenance cost is $620,000. 
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PARTIAL ROCKFILL CAUSEWAY WITH BRIDGE ON 
PREFABRICATED PIERS, AND A NAVIGATION LOCK 


Description 

This general scheme, as shown on 
Plate 18 opposite, consists of a rock- 
fill causeway extending from each 
shore with a central bridge section 
approximately five miles long. The 
combined length of rockfill cause- 
ways is approximately 19,500 feet. 
The crossing will connect Jourimain 
Island, New Brunswick, and Port 
Borden, Prince Edward Island. At 
a point near the Prince Edward Is- 
land shore, in sufficient depth of 
water, a navigation lock 80 feet wide 
is provided for large vessels. This 
lock provides a minimum depth of 82 
feet below LWOST and is crossed 
by an opening bridge. The bridge 
spans are supported on prefabricat- 
ed concrete piers founded on sub- 
merged islands of rockfill. To mini- 
mize currents and tidal effects, the 
design provides an opening of ap- 
proximately 35 per cent of the origi- 
nal cross sectional area of the Nar- 
rows. Small fishing boats and 


pleasure craft can normally pass 
under the bridge. 


Advantages and Disadvantages 


This scheme, like Scheme 2, elimi- 
nates the danger of flooding due to 
increased high tide levels and storm 
surges. The crossing of the naviga- 
tion lock by an opening bridge will 
cause periodic stoppages of vehicu- 
lar traffic during the shipping sea- 
son. Furthermore, in periods of bad 
weather, it may be necessary for 
vessels to wait until conditions im- 
prove before attempting to nego- 
tiate the navigation lock. The sub- 
stitution of the navigation lock for 
the submerged tunnel of Scheme 2 
results in a reduced first cost and 
lower maintenance costs for com- 
parable facilities at the expense of 
the interruption to traffic already 
mentioned. This type of scheme has 
the advantage that increased capa- 
city can be obtained economically 
by adding duplicate spans between 
the piers of the open causeway, as 
indicated in Scheme 8-E. 
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J, ALL ELEVATIONS ON THIS DRAWING ARE REFERRED 
TO LOW WATER ORDINARY SPRING TIDE (LWOST) 
AT PORT BORDEN 


2. LOW WATER ORDINARY SPRING TIDE (LWOST) IS 
49 FEET BELOW CANADIAN GEODETIC DATUM 
(CGD) AT PORT BORDEN 


3. APPROXIMATE EXTREME TIDAL RANGE - 


MAXIMUM = EL 10° 
MEAN el. 8 
MINIMUM = EL. 0) 


4.1F RAILWAY REPLACED BY HIGHWAY — 
(0) WIDTH 1S 24’ FOR ONE LANE HIGHWAY 
(b) WIDTH IS 30 FOR TWO LANE HIGHWAY 
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SCHEME 3-A - Two-Lane Highway and Railway 


The general description which has 
been given for the partial rockfill 
causeway, bridge on prefabricated 
piers, and a navigation lock applies 
to this variation of the scheme as 
shown on Plate 14 opposite. 


The rockfill causeway section is 
similar to that described under 
Scheme 1-A. The bridge section con- 
sists of a series of cantilevered steel 
trusses with a span of approximate- 
ly 350 feet. To avoid adverse rail- 
road gradients in the transitions at 


each end of the bridge section, the 
railroad is carried on the lower 
chords of the trusses with the high- 
way on the upper chords. This loca- 
tion of the highway minimizes the 
hazard caused by freezing spray. 
The highway consists of two 12-foot 
traffic lanes with 5-foot outer safety 
lanes making a pavement width of 
84 feet. The lower bridge chords are 
spaced so that the railroad can be 
converted to two 12-foot traffic 
lanes, thus making the bridge a 
four-lane facility. 


ESTIMATE OF COST 


Item Unit 
Rockfill Causeway oo 


Cost in 
Unit Millions 
Quantity Cost of Dollars 


$ Sum $ 20,288 


Bridge 
Granitic Fill C.y. 3,260,000 5.00 16.300 
Piers Each eh 228,000.00 17.556 
Bridge L.f. 26,600 1,815.00 48.279 
Navigation Lock — a Sum 8.830 
Miscellaneous — —_— Sum 2.633 
eats a aT cae ee ee eae MES mete een tae wreaks nee $ 118.836 
Engineering and Supervision at 5 per cent 5.164 
Baten a cen eh a See ab sian sn My Gla ss See eee eee $ 119.000 


The estimated annual operating and maintenance cost is $900,000. 
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SCHEME 3-B - Two-Lane Highway 


The general description which has 
been given for the partial rockfill 
causeway, bridge on prefabricated 
piers, and a navigation lock applies 
to this variation of the scheme, as 
shown on Plate 15 opposite. 


The rockfill causeway section has 
a erest width of 64 feet to accom- 
modate two 12-foot traffic lanes 


with 10-foot paved shoulders. The 
bridge section consists of a series of 
prefabricated concrete or steel box 
girders spanning approximately 300 
feet. The highway on this structure 
consists of two 12-foot traffic lanes 
with 5-foot outer safety lanes, mak- 
ing an overall paved width of 34 
feet. 


ESTIMATE OF COST 


Cost in 
Unit Millions 
Item Unit Quantity Cost of Dollars 
Rockfill Causeway — — S$.) USUI penks.004 
Bridge 
Granitic Fill C.y. 3,030,000 5.00 19.150 
Piers Each 89 228,000.00 20.292 
Bridge it: 26,752 550.00 14.714 
Navigation Lock — — Sum 8.830 
Miscellaneous — — Sum 1.825 
CS SPEEA en of SSI peices emcee $ 82.708 
Engineering and Supervision at 5 per cent 4,297 
PAL Mes tits. oc sk ek lc coe wea 0, DR $ 87.000. 


The estimated annual operating and maintenance cost is $465,000. 
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SCHEME 3-C - Four-Lane Highway 


The general description which has 
been given for the partial rockfill 
causeway, bridge on prefabricated 
piers, and a navigation lock applies 
to this variation of the scheme as 
shown on Plate 16 opposite. 


The rockfill causeway section has 
a crest width of 80 feet to accom- 


modate four 12-foot traffic lanes 
with opposing traffic separated by 
a 4-foot barricaded median and hav- 
ing 4-foot paved outer shoulders. 
The bridge section consists of twin 
prefabricated concrete or steel box 
girders spanning approximately 300 
feet, and providing four 12-foot 
traffic lanes. 


ESTIMATE OF COST 


Cost in 
, Unit Millions 

Item Unit Quantity Cost of Dollars 
Rockfill Causeway — 2 Sum $ 18.642 

Bridge 

Granitic Fill C.y. 3,830,000 5.00 19.150 
Piers Each 89 228,000.00 20.292 
Bridge Det. 26,752 950.00 25.414 
Navigation Lock — — Sum 8.830 
Miscellaneous — — Sum 1.945 
TAA OU UME EE CUTIE S75 oscars So etaaes se biy « ote iS wwe SEN Aas Wueeeings $ 94.273 
Engineering and Supervision at 5 per cent 4.727 
Pie ee ye hee eaten see ae sale eer Me ale sO ore ee $ 99.000 


The estimated annual operating and maintenance cost is $485,000. 
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SCHEME 3-D - Two-Lane Highway to Minimum Standards 


The general description which has 
been given for the partial rockfill 
causeway, bridge on prefabricated 
piers, and a navigation lock applies 
to this variation of the scheme as 
shown on Plate 17 opposite. 


The rockfill causeway section has 
a crest width of 48 feet to accom- 


modate a 28-foot highway without 
shoulders. The bridge section com- 
prises a series of prefabricated con- 
crete or steel box girders spanning 
approximately 800 feet. The high- 
way on this structure consists of 
two 14-foot traffic lanes. 


ESTIMATE OF COST 


Item Unit 
Rockfill Causeway — 


Cost in 
Unit Millions 
Quantity Cost of Dollars 


— $ Sum $ 16.584 


Bridge 
Granitic Fill C.y. 3,830,000 5.00 19.150 
Piers Each 89 228,000.00 20.292 
Bridge Licks 26,752 500.00 13.376 
Navigation Lock — — Sum 8.880 
Miscellaneous — Sum 1.474 
Rota MEE he nee tite MG, mee ere sige’ tn on $ 80.094 
Engineering and Supervision at 5 per cent 3.906 
A TE soe of yo Vian, dias ela. iy, « learns ane warren Sankens $ 84.000 


The estimated annual operating and maintenance cost is $465,000. 
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SCHEME 3-E - Two-Lane Highway Convertible to Four Lanes 


The general description which has 
been given for the partial rockfill 
causeway, bridge on prefabricated 
piers, and a navigation lock applies 
to this variation of the scheme as 
shown on Plate 18 opposite. 


The rockfill causeway section has 
a crest width of 80 feet which can 
ultimately accommodate four 12- 
foot traffic lanes with opposing 
traffic separated by a 4-foot barri- 
caded median, and having 4-foot 


paved outer shoulders. The bridge 
section consists of a series of pre- 
fabricated concrete or steel box 
girders spanning approximately 300 
feet. The highway on this structure 
consists of two 14-foot traffic lanes. 
The piers are designed so that the 
pier caps can be extended on each 
side to allow a second box girder to 
be placed alongside the first. The 
original box girder will be jacked 
to one side to provide the necessary 
room on the extended pier cap. 


ESTIMATE OF COST 


Cost in 
Unit Millions 

Item Unit Quantity Cost of Dollars 
Rockfill Causeway — § Sum §$ 18.104. 

Bridge 

Granitic Fill C.y. 3,830,000 5.00 19.150 
Piers Each 89 250,000.00 A200 
Bridge iPae 26,752 500.00 13.376 
Navigation Lock — a Sum 8.830 
Miscellaneous : — — Sum 1.954 
LULA EO) 1d Dae PR ee haar lls oath Gadi aslo) AMR Oe st ena $ 83.664 
Engineering and Supervision at 5 per cent | 4.336 
OTE ae Oat G- ae TIVE AY Ne ee ok aces a eek as $ 88.000 
Conversion Cost (including engineering and supervision) 17.000 
Hod oss 0Y Our Lane HiGnWAY.4... <<. cet enue. eco $105.000 


The estimated annual operating maintenance cost with the two-lane 


open causeway is $465,000. 
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UNDERGROUND TUNNEL 
Description 


This general scheme, as shown on 
Plate 19 opposite, consists of a tun- 
nel driven under the Strait between 
Jourimain, New Brunswick, and 
Port Borden, Prince Edward Island. 


In order to obtain sufficient cover 
over the tunnel, and satisfactory 
gradients for rail traffic, the length 
of the combined road and rail tun- 
nel is approximately nine miles. 
Highway traffic, however, can nego- 
tiate steeper gradients so that the 
highway tunnel schemes are some- 
what shorter. Both single deck and 
double deck designs have been con- 
sidered and are discussed. 


Advantages and Disadvantages 


The obvious advantage of con- 
structing a full underground tunnel 
is that it eliminates all problems con- 
nected with changes in tidal regime 
in the Strait. It is not subject to 
closure or damage due to storms or 
ice, and it presents no obstacle to 
navigation in the Strait. Serious 


problems arise, however, in the de- 
sign, construction and operation of 
the tunnel. 


The lack of a comparable pre- 
cedent raises technical difficulties 
regarding the feasibility of venti- 
lating a tunnel of this length. In the 
only other tunnel, of comparable 
length in the world, the Mont Blanc 
tunnel, the capacity of the tunnel 
is limited by the ventilation system 
to 450 cars per hour. This is less 
than one half of the practical capa- 
city of a comparable two-lane high- 
way above ground level. The high 
porosity of the rock formations 
likely to be found under the Strait 
suggest that a severe problem of 
leakage control will be encountered, 
and that construction progress will 
therefore be slow. Extensive and 
expensive ground exploration will 
be necessary to decide the feasibility 
of excavating a tunnel. In addition 
to the technical difficulties already 
noted, there is the natural reluc- 
tance of many humans to confine- 
ment for long distances in an under- 
water tunnel. 
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SCHEME 4-A - Two-Lane Highway and Railway 


The general description which has 
been given for the underground tun- 
nel applies to this variation of the 
scheme as shown on Plate 20 oppo- 
site. 


In order to obtain sufficient cover 
over the tunnel and conform to rail- 
way gradients, the length of the 
tunnel exceeds 46,000 feet. Two pos- 
sible tunnel sections, Type A and 
Type B, are considered. In Type A, 
the railway is carried at the same 
elevation as the highway, which en- 


ables the railway lane to be used as 
an emergency lane when no train 
is in the tunnel. Tunnel Type B 
utilizes two levels with the highway 
on the upper level and a single track 
railway on the lower level. The Type 
A section gives a lower tunnel 
height so that the railway can be 
maintained at a higher level than is 
possible with the Type B section. 
Consequently, the total length of 
Type A tunnel is approximately 
3,000 feet shorter than the Type B 
tunnel. 


ESTIMATE OF COST 


Item Unit 
Type A 
Tunnel Excavation C.y. 


Concrete Lining & 


Cost in 
Unit Millions 
Quantity Cost of Dollars 


3,000,000 $ 12.00 $ 42.600 


Steel Supports nn noe Sum 55.468 
Ventilation and 
Electrical — — Sum 22.500 
Miscellaneous — — Sum 20,3385 
PSOE Eeleb is sarees year aA ee eee. 2 Ress sas a ee $140.903 
Engineering and Supervision at 5 per cent AUS Os 
JON 20 CS ete ee et. 1: a ee ee $148.000 
Type B 
Tunnel Excavation C.y. 3,930,000 $12.00 $ 47.160 


Concrete Lining & 


Steel Supports — — Sum 538.492 
Ventilation and 
Electrical — = Sum 22.500 
Miscellaneous — a Sum 27.020 
SGU: Cae oe ee rere le hse ee $150.172 
Engineering and Supervision at 5 per cent 7.828 
EE nis oon RL, |. A ee $158.000 


The estimated annual operating and maintenance cost is $1,050,000 with 
the Type A tunnel, and $1,010,000 with the Type B tunnel. 
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SCHEME 4-B - Two-Lane Highway 


The general description which has 
been given for the underground tun- 
nel applies to this variation of the 
scheme as shown on Plate 21 oppo- 
site. 


The elimination of the railway 
permits the use of increased gra- 
dients so that the length of tunnel 
may be reduced to approximately 
36,000 feet. A third tunnel section, 


Type C, is proposed for this scheme, 
in which the highway would be 
carried on an upper level with venti- 
lation ducts both above and below. 
It is not possible to convert the tun- 
nel to a four-lane facility but pro- 
vision has been made for an emer- 
gency or breakdown lane to permit 
the rapid removal of disabled vehi- 
cles with little or no interference 
to the free flow of traffic. 


ESTIMATE OF COST 


Cost in 
Unit Millions 
Item Unit Quantity Cost of Dollars 
’ Tunnel Excavation C.y. 2,620,000 $ 12.00 $ 31.440 
Concrete Lining & 
Steel Supports — — Sum 38.520 
Ventilation and 
Electrical — — Sum 18.000 
Miscellaneous — — Sum 14.755 
BPE AL ae ae NER np nec rf 2s, OM, alread: ELM mr eeiletae calm $102:715 
Engineering and Supervision at 5 per cent 5.285 
OUTGOING, ood ss ov cn us CE SESE 5 aon atheonn $108.000 


The estimated annual operating and maintenance cost is $850,000. 
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SCHEME 4-C - Four-Lane Highway 


The general description which has 
been given for the underground tun- 
nel applies to this variation of the 
scheme as shown on Plate 22 oppo- 
site. 


It is considered extremely diffi- 
cult and possibly not technically 
feasible to ventilate a four-lane tun- 
nel of this length to permit utiliza- 
tion of its full capacity. To our 
knowledge no similar structure has 
ever been constructed and therefore 
reliable costs are not available. The 


ventilation problem requires a care- 
ful examination and, due to the ex- 
tremely high cost anticipated for 
this type of facility, it is considered 
that a full study is not justified at 
this time. 


Conversion of Scheme 4-A to a 
four-lane facility will result in a 
tentative minimum cost of some 
$170 million for the Type A tunnel, 
and some $180 million for the Type 
B tunnel. 
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